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Jhe gymnosperms constitute a distinct subdivision of the 
Spermatophyia, the seed-bearing plants. The name ‘Gymno- 
spermae’ is derived from two Greek words, gymnos = naked; 
sperma— seed. They are thus naked-seeded plants.^GeoIogical 
.listory reveals that the gymnosperms represent quite an ancient 
group of plants. Earnest keeps Gymnospermae between Ejlicineae 
and A^io^^rjnae. According to him, the division T gach eo- 
^hyta, which literally means tracheid-bearirg plants, includes four 
subdi^visions, namely, Psilopsida, ^copsidp . Sphenopsida and 
Pteropsida, the last includes the classes Filicineae, ^Gymnospermae 
and Angiospermae. 


GENERAL CHARACTERS— g ymnosperms are predomi- 
nantly woody plants^withTtKedi^^ A few are 

climbing. Some of . them are deciduous while others arc ever- 
green. They are mostly xerophytic^ Sequoiadendron giganteum 

Buchholz- is probably the tallest living tree reaching a height of 

nearly 100 metres with a girth of about 15 metres. Leaves are large 

and pinnate in cycads, and acicular or scale-like in conifers.'^The 

leaves borne on the gymnospermous plants may all be of one kind 

or of two kinds. Besides the foliage leaves, scale leaves are also 

present. Their arrangement may be spiral or cyclic. The leaves 

may be once compound as in Cycas. Zamia, etc., or twice com- 

pound as in Bowenia. In Pinus the leaves are raodihed into 
needley 

The vascular cylinder in the stem of gymnosperms is made 
^ of collater al endarch and open vascular bundles arranged in a 
L Eames, A.J. 

2. Hui-LinLi 1952. 
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ring. There occurs a well-marked secondary growth. Pith and 
co tc\b 3 th are much reduced in the conifers^ hence the wood 
becomes densely packed or ‘pycnoxylic’y In other gymnosperms 
like Cycas the cambial activity is short lived. In such cases the pith 
and the cortex are well-developed. Parenchyma in some quan- 
tity is present in the wood; the wood, therefore, is not so 
compact and it is called ‘manoxylic’. It is observed that mano- 
xylic wood occurs in the megaphyllous genera. ^They also ^have 
radially symmetrical seeds. Pycnoxylic wood occurs in the 
microphyllous genera with bilaterally symmetrical seeds. The 
vascular cylinder of the root is diarch to polyarch. Xylem is 
formed of tracheids possessing large, uniseriate or multisenatc 
bordered pits. Companion cells are said to be absent from the 
phloem of gymnosperms./ 

The reproductive organs in living gymnosperms, except the 
ovulate structures of Cycas, are arranged in the form of strobili or 
cones. The strobili may cither be male (microsporangiate) or 
female (megasporangiate), rarely they are bisporangialc,/ 

The ovule* is generally orthotropous. covered by a single 

envelope** (^integument); the latter may be differentiated into 

an outer fleshy ( = outer sarcotesta), and inner fleshy ( = innei 
garcotesta) and a middle stony (=sclcrotes1a) layers. Inside the 

innermost layer of the envelope lies the nucellus, with a micro- 


pylc at the apex of the ovule. 

The female gametophyte possesses two or more archegonia. 

Within the archegonium an egg or oosphere and a ventral canal 
nucleus are present but tl e neck canal cells are absent. 

The male strobili {=cones) in general are smaller than the 
female ones and are short lived. Microsporophylls or stamens are 
broad and flat in Cycas but peltate in Taxus and Dioon. 


Microsporangia or pollen-sacs are numerous and grouped in 

sori in but are reduced to two in Pinus. They arc usually 

borne on the abaxial^thejower surf ace of th e ^rospoToph\ll. 

- indchi^nt megasporangium, possessing a single functional 

* Ovule — ^ ‘ a.pore and protected by one or more envelopes. 

.. = in.cgum.n,, made >.p .12-3 (rarely 4) di.tinC layers. 
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The male gametophyte of Cyca^ has only one and that of 
Ginkgo and Finns two prothallial cells. The pollen tube grows 
through the tissue of the female gametophyte and reaches the 
archegonium. Fertilization takes place and a zygote is formed 
by ihc fusion of the male and the female nuclei 

Only a part of the zygote develops into an embryo. Such a 
development of the embryo is spoken of as ‘mcroblastic . 
The embryo later gets differentiated into upper ihausiorial), middle 
(suspensorial) and basal (embryonal cells). Sometimes several 
embryos arise inside a seed. Such a phenomenon, called ‘poly- 
embryony', occurs in Pinus. Embryo is u-.ually siraight. It is 
later (differentiated) into stem, leaf and root Radicle is 
directed towards the micropyle and the plumule opposite it. 

A true fruit, like that of the angiosperms, is not formed in the 
gyranosperms. Cotyledons are only 2 in Cycas but numerous in 
Pinus and these become green while still enclosed within the seed. 



F.?. I -1. Graphic rcprcenlation f lire-cycic of a lypical gymnospermnus plant 

In the gymnosperms, the seed-coat ruptures, the radicle cornci 

out, gradually the seed develops and a young seedling is farmed. 

The radicle grows downwards to form the primary ta'pToot, while 

the plumule grows upright and forms the stem. The growth of 

stem is limited in fVelwii ^chia while in others it continues to 
grow for a long time. 
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Gyranospermous plants have dominant and independent 
sporophyte (diploid) but a dependent and rudimentary gameto- 
phytic (haploid) phase (Fig. M). 


Sixteen genera and fifty-two species of living gymnosperms 
(including the Gnetales) are recorded from India*. 

Names of genus Number of species 




Abus Miller 
Cedrus Trew 
Larix Miller 
Picea A. Dietrich 
Piniu Linn. 

Tsuga Cirr. 

Cephalolaxus Sicbold & Zncc. 
Cupressus Linn. 

Cycas Linn. 

Juniperus Linn. 

Libocedrus Endl. 

Podocarpus L’ Hcrit. ex. Pers. 
Taxus Linn. 

Taiwania Hayata 
Ephedra Linn. 

Grutum Linn. 


5 
1 

1 
.3 

6 

2 
2 
1 
5 
7 
I 
4 
1 
1 

7* 

5* 


\^^/^LA SSIFIC AXIQN-i^he classification of gyr 
been quite a controversial subject because several genera and a few 
orders like the Cordaitales and the Cycadeoidales are known only 
in fossil state. Attempts have, however, been made from time 
to time by several botanists to classify them, some of the more 
important classifications are given below : 

(1-)^ Coulter and Chamberlain^ have divided the gymnosperms 
into seven orders namely, Cycadofilicales, Cycadales, Bennettitalcs 
(Cycadeoidales), Cordaitales, ConiferaU's, Ginkgoales and 
Gnetales, The order Coniferales has been divided into t\%o 

1. Raizada, M. B. & K. C. Sahni 1960 

2. Bor, N L. 1953 

3. Maheshwari, P. 1961 

4. Coullcr,J. M. & C.J- Cl ambcrla n 1910. 
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families, viz., Pinaceae and Taxaceae. The former was subdivided 
into four and the latter into two sub-families as shown below : 


I Orders f 


Gymnosperms 

’i' 


Cycadaies 


Cordaitalen 


Cycadofilicales Beonettitales 


GlnkgoaJes 


I Families I 

> 

Pinaceae 


^ I u 

Abiedneae 


uMamllics* 


Y 

Coniferales 

I 

_ I 


I Sub-families | 
Taxineae 


Gnetalc^ 


4^ 

Taxaccae 


Podocarpim ac* 


▼ 

Taxodineae 


^ + 1 
Cupressineae Araucarlnoa 


®KSahni» divided the gymnosperms into two divisions 
namely Phyllosperms and Stachyosperms. The former was sub- 
d.vtded tnto three and the latter into four orders as below : 


Divisions I 


Gymnosperms 

4- 


Phyllosperms 

(Seeds borne on leaves) 

^ 4^ ^1 Orders I 

Cycadofilicales Bennettitales 

(Cycadcoidales) 


▼ 

Stachyosperms 

(Seeds borne on stems) 


Cycadales 


Y 

Cordaitales 


Coniferales 


l_Orders | 


Y 

Ginkgoales 


4^ 

Gnetales 


p|,.„ l.av]"b'=““'p|,“„j“’'”3p" d',", '"’”'’ 

dSr5.d"X’tdT.r;- r 


1. Sahnl, B. 1920 

2. Pant, D. D. 1957 
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The classes are further subdivided into 14 orders as shown 
below : 


Divisions I 


Cycadophyta 


Gymnosperms 

_ 4 _ 


Ghlamydospermophyta 

Class 
Gnetopslda 

I _Or(lcr8_i 4 

4 ' 


Conlfcrophyta 


GnetaUs* 


1 

Welwitschiales 


1 riasf*es I 


Pteridosper- 
mopslda 

1 

4 I Orders I 


r 

Cycadopsida 


4 

Pentoxylopsida Cycadeoideop 

sida 


•V i "ir 

Lyginop* Medullo- Glossop* 
teridales sales teridales 


4 4 

Pcltasper- Corysto- Cayto- 

males spermales niales 


I Classes * 


Goniferopslda 


Ephedropslda 
4 . Order 
Ephedrales 


Gzekanowskiopsida 
4 Order 

Czekanowskiales 


Taxopslda 
4 Order 
Taxales 


I Orders 


Cordaitales 


Goniferales 


Ginkgoales 



( 44 / Raizada and Sahni* classify the gymnosperms into eight 
orders namely, Pteridospermales ( =CycadofilicaIes), Cycadeoidales 
(=Bennettitales), Cycadales, Pentoxylales, Cordaitales, Ginkgoales. 
Goniferales and Gnetales. Out of these, the first three belong to 
the cycadophytes and the last four to the coniferophytos. The 
position of the Pentoxylales is, however, uncertain. 


(^y^Cronquist, Takhtajan and Zimmermann- have recently 
proposed a classification in which the subkingdom, Embryobionta 
(:=erabryo-bearing plants) has been split into eight divisions 
namely, Rhiniophyia, Bryophyta, Psilotophyta, Lycopodiophyta, 

Equisetophyta, Polypodiophyta, Pinophyia. and Magnoliophyla. 

1. Raizada, M. B. & K- C Sahni, 1960 

2. Cronquist, A., A. Takhtajan, & W. Zimmermann 1S66 
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Pinophyta includes the gymnospermous plants which is further 
divided into the following subdivisions, classes and sub- 
classes: 


I SubdiTislODS I 


T 

Cycadlcae \ cia«8e8 i 


Pinophyta 

^ 

Pinicac 


\ 

Gnctlcae 


T Y ▼ 

Lyginopterl- Cycadatae Bennetti- 
datae tatae 


Ginkgoatae 


I ijassea 1 

Hinatae 

I 


l Subclasses I 

cifS^tidae 


I 


Pinldae 


Subclassca I 


Ephedrldae 


Welwitsebiidae 


Gnetidae 


DISTINGUISHING FEATURES OF THE DIFFERENT 
ORDERS —The different orders of the gymnosperms (fossil and 
living ones) are characterised as under : 

Pteridospermales— Plants with fern-like foliage, stem slender 
sporangia on frond-Iikc leaves, but never grouped in a definite 
strobilus; Palaeozoic-Mesozoic. 

Cjcadeoidales— Trees with stems covered with an armour of 
persistent leaf-bases. Microsporophylls frond-Iikc forming a loose 
crown. Megasporophylls no longer Icaf-Iikc, but forming a specia- 
lized strobilus like structure; Mesozoic. 

Cycadales— Plants with palm-like habit; micro- and megaspo- 
rophylls grouped into strobili except in Cycas where the megaspo- 
rophylls are loosely arranged but the microsporophylls are aggre- 
gated to form a strobilus. Male cells motile; Mesozoic to present 
day. 

Ginkgoales-Mcdium sized trees; leaves flattened and lobed in 
various ways with dichotomous venation. Male and female repro- 
ductive structures collected into strobili; male cells motile and 
multiflagellate; Palaeozoic to present day. 

Pentoxylales— Low shrubs; females infruiescence consisting 
of numerous strobili spirally attached on a peduncle, each bearing 
numerous ovules on a central axis with no megasporophylls. 
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ovuliferous scales or interseminal scales. “Male organs consist 
of branched sporangiophores which are arranged in a whorl, 
these fuse basally to form a disc; Jurassic. 

MAIN EVENTS OF EARTH^S HISTO^ 


TIME IN J . 
MIUIONS 

THE 2 
PRESENT CJ 


EPOCHS 


§22 

o5o 


EVOLUTIOW OF 
GYMNOSPERMOUS PUNTS 



pjg, 1 — 2 Geological history of the gymnospcrmous plai>ts. 

Cordaitales— Large trees with flat strap-shaped leaves, fructi 
fications in strobili; Palaeozoic. ^ 
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Coniferales — Large trees or shrubs; leaves needle or scale-like, 
sometimes flattened; male cells never motile and male flowers 
arranged in more or less compact cones; Palaeozoic to present day. 

Taxales— Evergreen shrubs or trees ; leaves in spirals, wood 
pycnoxylic, tracheids with tertiary spirals ; resin canals absent ; 
Ovules solitary with an aril ; male flowers consisting of sterile 
scales or whorled sporophylls, each with 2*8 pollen sacs; embryo 
with 2 cotyledons, Triassic to present day. 

Gnetales- Small trees, shrubs or climbing shrubs ; leaves— 
opposite, embryo dicotyledonous. Strobili compound in both the 
male and the female plants ; recent with hardly any known fossil 
history. 

AFFINITIES OF THE GYMNOSPERMS 

The gymnosperms bear close affinities with the Filicineac on 
the one hand and the Angiosperms on the other, while in many 
other characters they are different from both. 

Resemblances with the Filicineae — The sporophytic and the 
gametophytic generations in both the groups are alternate 
but there is reduction in the gametophytic generations 
of the gymnosperms. Here the gametophyte is reduced and is 
unlike thit of the ferns as it is totally dependent upon the sporo- 
phyte. There occurs gradual increase in the complexity of 
the sporophyte as it differentiates into root, stem and leaf. 

he cycads, a group of gymnosperms, resemble the ferns further 
in the compound nature of their leaves and in circinate vernation. 
Gymnosperms and ferns are alike in the absence of companion 
cells from the phloem, and vessels from the xylem of all gymno- 
sperms, except the Gnetales where the vessels are present. 
Gymnosperms resemble Selaginella, fsoetest Marsilea and some fossil 
ferns in the presence of small microspores and large-sized mega- 
spores. i. e., in showing heterospory. Endosperm, or the female 
proihallus, develops before fertilization from the tisue of the 
female gametophyte. Multiflagellate and motile antherozoids arc 
present both in the Cycadales and the pteridophytes. but in other 

gymnosperms like the Coniferales and the Gnetales they are 
non-flagellatc. 
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Differences from the Filicioeae — Gymnosperms are compara- 
tively more xerophytic than most of the ferns. Development 
of tap T'iot system is conducive to better anchorage and 
absorption. There is excessive secondary growth in the higher 
gymnosperms. Seed-habit, which predominates in the gymnosperms 
and the angiosperms, perhaps helps the plants in tiding over unfavour- 
able circumstances. It was only nascent in the fossil pteridophytes 
but does not occur in the living ones. Pollen grains are light, and 
develop partly before their release from the microsporangium. 
Fertilization is truly siphonogamous or siphonogamy may be 
combined with zooidogaray as in Cycas where the pollen tube is 
haustorial in nature. There is permanent retention of female 
gametophyte inside the megaspore in the gymnosperms. In the 
archegonium of the gymnosperms there is absence of neck 
canal cells and frequent elimination of ventral canal cell. In 
Gnetwn and Wehvitschia even the archegonia are absent. 


Resemblances with the Angiosperms— Shrub or tree-like 
habit is common to both the groups. Formation of flower 
like structures by the aggregation of sporophylls instrobili in more 
highly evolved gymnosperms is comparable to apetalous flowers of 
the angiosperms. Presence of pollen tube, for carrying the male 
gametes to the egg (siphonogamy) is a common feature. Retention 
of megaspore inside the megasporangium and its further develop- 
ment into female gametophyte while still attached to the mother 
plant, is a character common to both. 


The ovule is surrounded by an envelope divisible into the 
outer and inner fleshy and middle stony layers except in the 
Gaetales where the envelope is 2-3 rarely 4 layered to ensure 

better protection of the seed. 

Differences from the Angiosperms— Ovules are not enclosed 

within an ovary in the gymnosperms. Vessels are absent from 
• the wood of gymnosperms except from that of the Gnetales 
Sieve tubes and companion cells are absent in the phloem which 
in the gymnosperms consist of sieve cells and phloem parenchyma. 
The stigma and style, though present in the angiosperms are 
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absent from all gymnosperms and the pollen grains enter 

the ovuhs dire:>tl'/ through a micropylar canil. Pollinition is 

mostly anemophilous in the gymnosperms while in the angio- 

sperms it may be effected by various agencies Coloured bracts, 
perianth, and nectaries, etc , are absent in the gymnosperms. 

Sporangia are borne on kaf-likc structures which are aggregated 
in the form of strobili except in female Cyca<;. Archegonia are pre- 
sent in the ovules of all gymnosperms except those of Gneium and 
iVelwitschia but they do not occur in angiosperms at all. Proihallial 
cell or cells are present in the pollen grains of all gymnosperms; 
except perhaps Gneium; they are absent from the angiosperm pollen. 
Endosperm formation is a pre-fertilization phenomenon except in 
Gnetum, where it is somewhat concurrent with fertilization. In 
angiosperms, endosperm-formation isa post-fertilization phenome- 
non. Double fertilization or triple fusion does not occur in 
gymnosperms, but is present in the angiosperms. Occurrence of 
free-nuclear divisions in zygote is a primitive feature found only 
in the gymnosperms but not in the angiosperms. 

The gymnosperms, therefore, form a distinct group of plants. 
They differ from the Filicineae and the Angiosperms in some 
chara:ters. On the other hand, they share many characters with 
both these classes. They thus constitute an independent group 
of plants. 


Chapter 2 

Pteridospermoles 

(Cqcadofilfcales) 

The Pteridospermae Oliver and Scott { = Cycadofilicales Potoni^) 
constitute the popularly known ‘seed-bearing plants with fern-like 
foliage, or, seed-ferns*. Arnold* divides the pteridosperms into 5 
families, and one order viz., Lyginopteridaceae, Medullosaceae, 
Calamopiiyaceae Peltasperraaceae Corystospermaceae and the 
caytoniales. Pant- makes a distinct class Pteridospermopsida for 
these plants and divides them into six orders namely, Lyginoptcri- 
dales, M.*dullosales, Glossopteridales, Peltaspermales, Corystoper- 
malcsand Caytoniales. The pteridosperms flourished in the Palaeo- 
zoic, though the representatives of the last four orders continued 
into the Mesozoic. Our knowledge of the representatives of this 
class is based chiefly on fragmentary fossil remains which constitute 
various form-genera. 

DISTINGUISHING FEATURES— Pteridosperms are sup- 
posed to be intermediate in character between the ferns and the 
cycads. They may be distinguished from these two by the follow- 
ing features : 

The pteridosperms possessed slender stems with large, fern- 
like fronds or leaves as represented by Alethopteris Stern., 
Neuropteris (Brongn.) Stern., Sphenopteris (Brongn.) Stern., etc. 
The cuticle of leaves and branches resembled to that of the cycads 
in being resistant to oxidative maceration. Stele was protostelic 
or siphonostelic, rarely it waspolystelic. The stem usually possessed 
mesarch primary vascular bundles. Secondary growth took place 
resulting in the formation of secondary xylem and phloem. Cortex 
was wide and had longitudinally aligned fibre-strands Leaf-traces 
were large and were composed of one or more vascular strands. 
Secondary wood was soft, manoxylic and the tracheids had 
multiseriate bordered pits on their radial walls. The male repro- 
ductive organs were probably clustered at the apices in the form of 


1. Arnold, C. A. 1917. 

2. Pant, D. D. 1937. 
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synangia which were sometimes quite complex. The pteridospcrms 
bore seeds which were sometimes partially enclosed, in an 
envelope called 'cupule* as in Williamson or com- 

pletely enclosed as in Physostoma Williamson. The ovules and 
seeds were borne on ordinary fronds or on mcgasporophylls. 
Strobili have not been reported in any pteridosperm. 

The following form-genera are described here : 

Stem . . Lyginopteris oldhamia (Binney) H. Potonic 

Rachis .. Rachiopteris aspera 

Root ... Kaloxylon hookeri WiWiamson 

Frond ... Sphenopteris hoeninghausi Brongniart. 

Pollen-bearing ... Crossotheca hoeninghausi Brongniart Kidston 
organs 

Seed ... Lagenosfoma lomaxi Oliver & Scott 

MORPHOLOGICAL FEATURES — The stem, Lyginopteris 
oldhamia was long and slender. It measured nearly 3 cm 


% 

K 


V 


in diameter and possessed 
spirally arranged leaves. It is 
presumedtbai this plant, with 
delicate and weak stem, oc- 
curred in thickets, or it may 
have taken support of some 
other plant to spread out, a® 
it was not possible for it to 
stand erect by itself. 

The root, Kaloxylon was 
probably borne adventitia 
ously. 

The petiole Rachiopteris 
aspera had glands (fig. 2-4) 
which were similar to those 
borne on the seed envelope 
or cupule of Lagenostoma 
lomaxi (fig 2-6). 

The leaves Sphenopteris 
hoeninghausi measured near- 


2—1 A portion of the frond of 
LyginopUris oldhamia showing habit and the 





ly 50 cm in length. The (Modrfi?5To;'*L7rc::). - 

rachis was dichotomouslybranched above and each dichotomy was 
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tripinna te. The pinnae were borne opposite each other at right 
angles to the rachis (fig. 2-1'. 

HISTOLOGICAL FEATURES — oldhamia pos- 
sessed large parenchymatous pith (fig. 2-2) with clusters of thick- 
walled cells, called ‘sclerotic nests* scattered in it. Mesarch 
vascular bundles, 5-10 in number, surrounded the pith in the form 
of a ring. The bulk of the primary wood was centripetal, but 
centrifugal xylem was also well developed ; the primary xylem, 
therefore, had mesarch structure. Secondary wood formed a 
continuous ring round the primary xylem, which at places was 
interrupted by leaf-traces. It consisted of large tracheids with 


Sclerotic ocsts Secondary wood 


Peridernr 


Primary xylem 


Cortex 


Leaf traces 



Fig. 2 — 2 T. S. of the stem of L^ginopteris oldhamia with 
wen-developed secondary wood and leaf traces 
(After WilLamson & Scott). 

multiseriate bordered pits on their radial walls along with a large 
number of broad, many-celled high, medullary rays. Pits were 
irregularly distributed unlike those of the Cordaitales. Rays of 
secondary wood varied from a fraction of a mm to 2 cm in height 

and 1-12 cells in width. 
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Secondary wood on its outer side was surrounded by phloem 
and pericycle. Phellogen probably developed from the outer 
layers of pericycle and produced the periderm. The pericycle, like 


the pith, possessed a large num- 
ber of ‘sclerotic cells’. This 
inner cortex was parenchyma- 
tous in nature but the outer one 
possessed radially broadened 
6brous strands which formed a 
vertical network (fig. 2-3). The 
‘windows’ or ‘meshes’ of the 
network possessed parenchyma- 
* tous cells. 

The leaf-trace, at the point 
of its origin, started with a single 
protoxylem strand which later 
divided into two xylem strands, 
one of which, in the form of a 
reparatory strand, continued in 
the stem, while the other turned 




Fig. 2 — 3V.S. through the outer cortex 
of the stem of Lyginoplrris oldhamia 
showing the network of sclcrcnchyiiia- 
lous strands (.After Arnold). 

outwards and passed into the 
leaf base. 

Kaloxylon possessed radial 
vascular strands with exarch 
xylem which had spirally thick- 
ened tracheids. Cortex was 
divisible into thick and thin 
walled zones. 


*^•8* 2-^ A capitate gland ol tbe 
rachis of Lyginopteris oldhamia 
(After Arnold). 


med to have been borne on 
thus were probably dioecious. 


LIFE-HISTORY 

The male and female re- 
productive organs are presu- 
two distinct individuals. The plants 
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The microsporangiate organ, known as Crossotheca hoenin’ 
ghausi^ possessed fertile pinnules. Each pinnule bore 6 or more 
pendant, bilocular microsporangia (fig. 2*5). A microsporangium 
measured nearly 3 mm. in length and I mm. in breadth. It con- 
tained microspores which were 50-70 m in diameter. Sporangia 
probably dehisced like those of Selaginella or Isoetes. 


The seed, Lagenostoma lomaxi^ remained partially closed in a 
lobed husk or ‘cupule’ (fig. 2-6). The latter possessed glands 
(figs. 2-4&2*6) on the exterior, these were identical to those present 
on Rachiopteris aspera (fig. 2-4), the axis. The ovule was barrel- 
shaped, it W’as radially symmetrical and 
measured nearly 5 5 mm. in length and 
4*25 mm. in breadth. The envelope of 
the ovule was traversed by nine vascular 
strands. 

Long while describing many 
genera and species of pteridosperms from 
lower carboniferous observed that in 
some the ovules were borne directly on a 
lax branching system. In these, protec- 
tion to ovule was afibrded by a system 
of branches as in Eurystoma which had no 
cupule. In Stamnostoma the branching 
system closely invests one or more ovules. 
Calathospetmum has a definite cupule. The 
fossil evidence available goes to show 
that the cupule is morphologically a frond 
or its part and further that cupules and 
integuments are morphologically com- 
parable structures Walton* thinks that 



Micro- 
sporangio 

Fertile branch 

Fig. 2 — 5 Crossotheca sp. 
the male reproductive 
structures of Lyginopteris 
oldhamia with pendant 
microsporangia 
(After Arnold). 


1. Oliver, F. W. & D. H. Scott 1904. 

2. Long, A. G. 1960. 
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Walton, J. I960. 
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the ovules of Genomosperma and Siamnostoma were probably 
pendant at the time of pollination. 

GAMETOPHYTIC GENERATION— Not much is known 
about the male gametophytes or microspores except that they have 
been found inside the pollen chamber of Lagenostoma ovoides 
Williamson* in large numbers. Each microspore possessed two 
walls, the outer called exine, and the inner inline. The spores 
probably germinated in the pollen chamber. 

The female reproductive body known as Lagenostoma 
Jomaxi (fig. 2-6) consisted of centrally situated nucellus 
which was free at Us apex (fig. 2-7). The megaspore 
membrane was simple in structure resembling the exine of 
the pteridophytic spores^ It also possessed a thick stout 
envelope which» was provided 
with nine vascular strands. 

Pollen chamber was present 
at the apex of the nucellus. 

Long® reported the presence of 
several archegonia near the 
micropyle. 

OTHER FORM GENERA 
OF THE FAMILY— CflWw- 
tophyton poroxyloides Dele- 

voryas, Schopfiastrum decussa- pig. 2-6 the .«d 

turn Andrews, Heterangium of Lyginopuris ddhamia enclosed in a 

gnevn Will, are stems and T^/m- (After Scott). 

sperma orbiculatum Mamay, 

Phy^ostoma elegans Will., are seeds usually referred to the family 
Lyginopteridaceae. 

ORIGIN AND AFFINITIES — Beck* suggests that the 
cycadophytic and coniferophytic gymnosperms, placed under a 

1 Benson, M. 1908. 

2. Pettit, J. M. 1966. 

3. Long, A. G, 1944. 

4. Beck, B. G. 1966 
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tingle divition Pinophyta*^ might have a common origin in the 

Aneurophytalei, The cycadophytes have probably evolved through 

the calamopityeans and the coniferophytes through Archaeopteris 
or such other genera. 

Regarding the affinities of Pteridosperms, Eames^ suggests 
that the I'esemblances between the ovules of Pteridosperms and 
Angiosperms may be considered merely of superficial nature and 
the bitegmic nature of the pteridosperm seed is of little impor- 
tance. The Pteridosperms, however, resemble the ferns and the 
gymnosperms in the following respects : 

RESEMBLANCES WITH FERNS 

The pteridosperms are 
seed-bearing plants. Their c 
male rcproductiveorgans (fruc- 
tiheations) can be compared 
to those of the present day 
Marattiaceae. The protostelic 
or siphonostelic nature of 
stele as well as the form of 
frond are similar to those of 
the ferns. The name Cycado- 
filices as proposed by Potoni4^ 
for the fossilised stems pos- 
sessing transitional characters 
between the ferns and the 
seed-plants is based on this 
fact. 

RESEMBLANCES WITH 
petiole and seeds of the pteridosperms are in many respects similar 
to those of the cycads. Lcaf-likc megasporophylls and absence of 
a well-organised female strobili, as in Cycas^ is a character com- 
mon to both. Hence some morphologists consider the pterido- 
sperms as ‘the cycads without strobili’. 

1. Cronquist, A. A., Takhtajan, W Zimmermann 1966. 

2. Eaines, A. J. 1936. 

3. Potonir, H. 1902. 


Pollen chamber 


upule 



Conopy of 
the inner 
loyer of 
envelope 
(integument) 
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gombtophyte 


Voicufar supply 


Fig. 2 — 7 Diagrammatic L. S. of 
Lagen-stoma hmfixi showing 
structural details (After Oliver). 


THE CYCADS— The stem. 


Chapter 3 


Cqcadeoidales 

( = Bennettitales) 


The cycadeoids were cycad-like plants which are now extinct. 
They have been considered to form a distinct class, the Cycadeoi- 
deopsida of the division Cycadophyta^. The order flourished from 
the Triassic to the Lower Cretaceous. Because of this restricted 
geological range, these plants are commonly called ‘the Mesozoic 
cycadophytes*. 


DISTINGUISHING FEATURES — The cycadeoid stems were 
provided with a wide pith and maooxylic wood. The leaves were 
mostly pinnate-compound like those of the living cycads and they 
had an open venation. Rarely they were simple with closed vena- 
tion. The epidermal cells had sinuous walls while those of the 
living cycads have straight walls. The guard cells surrounding 
the stoma were flanked by a pair of subsidiary cells which are 
supposed to have originated from the same mother cell that gave 

rise to guard cells their development is thus said to have been 
syndetocheilic. In the living cycads, on the other hand, it ii 
haplocheilic. Stomata in the Cycadeoidales were generally oriented 
transversely to the longer axis of the leaf. Reproductive organs 

were organised in the form of strobili called “flowers”, super- 
ficially resembling those of the angiosperms. The plants were 
generally monoecious, i. e. both the microsporangia and the 
megasporangia were present on the same plant. The microsporo- 
Phylls (-stamens) surrounded a central ovuliferous (=mcgaspo- 
rangiate) receptacle. Ovules were stalked and numerous : they 

^hich also bore intersemina l scales. The scales were more or 
1.1 Pant D. D. 1957. 
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less united to form a shield. Male reproductive organs were borne 
in a whorl, they were free or fused, entire or pinnate. Micro- 
sporangia were borne in the form of synangia. Seeds possessed only 
2 cotyledons. 


The fossilised trunk, Bucklandia Presl. was the first specimen 
of this order which was collected from Great Britain in 1825. Since 
then several other genera and species have been collected and 
described from Europe, America, India, etc. 

CLASSIFICATION— The order Cycadeoidales ( = Bennetti- 
Cales) has been divided into three families* namely, Cycadeoidaceae, 
Williamsoniaceae and Wielandiellaceae. They are distinguished 
from one another by the following characters : 

The members of the Cycadeoidaceae possessed ovoid or short 
columnar trunk which was thickly armoured. The cycadeoid 

flowers ( = fructifications) were borne laterally on the trunk and 

these remained partially sunken within the leaf-bases. The mem- 
bers of this family generally occur as petrifactions. Cycadeoidea 
Buck is the best studied genus of the family. 


The members of the Williamsoniaceae possessed slender 
unbranched trunk, like the cycads which rarely produced lateral 
branches. The flowers of the Williamsoniaceae were either 
sessile or stalked. They were never embedded in the thick ramen- 

tum of leaf-bases and scales like those of the Cycadeoidaceae. 
The members of the Williamsoniaceae have been mostly preser- 
ved in the form of impressions or compressions. W iUiamsonia 
Carr, is the best known genus of the family. 


The members of the Wielandiellaceae possessed slender and 

forked stems ; they thus differed from both the above famil.es 

In Wielandiella Nathorst female flowers were borne m the fork 

of the branches. The latter possessed unipinnate-compound 
leav’S Anomozamiles nilssoni. The other genus. WilUamsomella 
Thom’as possessed hermaphrodite flowers and simple leaves, 

Nilssoniopteris Nath. 


1. Spornc, K. R. 1965. 
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CYCADEOWE^ Buckland 

The generic name Cycadeoidea Buckland was for the first time 
employed for the petrified trunks from the Isle of Wight. 
Cycadeoidea etrusca was one of the earliest known plants of this 
order. It was discovered from an Etruscan tomb in 1867. Many 
European palaeobotanists prefer to call Cycadeoidea as Bennetiites. 
As there is no structural difference between the two and 
because Cycadeoidea was the first name proposed, it has been 
used here *<k^ 


MORPHOLOGICAL FEATURES— The cycadeoid trunks 
were subspherical, oval or columnar in shape, their diameter varied 
from a few centimeters to even sixty centimeters (fig. 3-1). More 
than 30 species of Cycadeoidea have been described from the 



upper Jurassic to 
the upper Creta- 
ceous. Some of 
them attained a 
height of 3.0to 3.6 
metres while others 
were comparatively 
short. Plants show- 
ed a thick armour 
of leaf-bases. Bran- 
ching was rare as in 
the living cycads. 


Fig. 3—1 Lateral view of an unbranched trunk of 
Cycadeoidea dic densis (After Wieland). 


The leaves of 
Cycadeoidea were 
pinnate-compound, 

nearly three metres long. They were similar to Afacrozamia, 
EncephalartoSy etc. 


HISTOLOGICAL FEATURES— The trunk of Cycadeoidea 
possessed centrally situated, large, parenchymatous pith which was 
surrounded by a thin zone of xylem. The xylem cylinder was 


1. Walton; J 1953 : 163. , 

2. Arnold, C. A. 1961 : 254. 
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punctuated by radially extending, parenchymatous, medullary rays. 
The protoxylcm was towards the centre (cndarch) and the meta- 
xylcm was situated towards the cortex. The parenchymatous 
cortex had mucilage canals and leaf-traces. Epidermis of the 
stem was not distinct because of the presence of a thick mantle of 
leaf-bases. In between the leaf-bases a raraentum of flattened 
scale-like hairs was present. 

The leaf-trace was always single at the point of its origin but 
as it reached the cortex it divided into several racsarch vascular 
bundles which were arranged in a horse-shoc-sbaped manner. 

The rachis ( = petiolc) received the trace supply from a single 
strand originating from the stem. 



pj_ 3 2 Apical portion of Cyc-ideoidea dneotensis with expanded and curved 

microsporophylls and a conical central axis possessing female 
reproduedve structures (After Wieland). 
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Sporonoiun) 


Brocr 


Secondary Growth— Secondary growth was present in the cyca- 
deoids. Secondary wood consisted of scalariform tracheids and 
small wood rays. The latter were mostly uniseriate, often biscriate 
and these extended up to the cambium or even up to the phloem. 

REPRODUCTIVE ORGANS - The “flowers” of Cycadeoidea 
were borne on short axillary shoots and were not terminal. In 

C. blancOy C magnifica and C. 
aequalis the fertile axillary shoot 
was a stout branch which exten- 
ded laterally from the main 
trunk. The fertile shoots posses- 
sed a large number of spirally 
arranged pinnate bracts borne on 
a central peduncle (fig. 3-3). 
Delevoryas* observed a dense 
mass of ramental scales on the 
pinnate bracts. The peduncle was 
terminated by a conical ovulate 
receptacle which bore the ovules 
and intcrseminal scales (fig. .^-3). 
In C. gibsonianus { = Benneuites 
gibsonianus) the receptacle was 
convex and cushion-like in shape. 
In C. wielandi the receptacle pos- 
sessed a cluster of stalked ovules 
and intcrseminal scales. The 
receptacle was elongated and 

seTdfh In these two species the 

surface r •° I*'® 
r.r , I ^ tit' “PPer two-third portion of the 

exparde'rtfforrr'' 

the androecium f ■ penanth which surrounded 

organs) and the gynoecium 

1 . Weiland, G. R. I90h. 



Orulatt 

nceptadc 


Fig. 3-3. Reconstruction of cyca- ' 

deoid fonc showing the attach- 
ment of SDorangia (After 
Delcvoryas). 
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Scolcs 



Micropylt 


Microsporongio 


(=megasporangiate organs) (fig. 3-2). The “flowers of Cycadeoidea 
were small, rosette-like and occurred sporadically amorgthe 
leaf-bases. 

While reinvestigating the morphological nature of the repro- 
ductive organs of Cy cadeoidea ingens, 
C. dacotensis and C. cohssalis, etc., 
Delevoryas~ came to the conclusion 
that the microsporophylls of these 
plants did not, on maturity, expand 
into ‘flower-like structures’ as was 
postulated by Wieland*. Further, he 
showed that the cycadeoid strobilus 
had a parenchymatous dome in the 
centre, which was surrounded by 
microsporophylls. The tip of the 
microsporophyll was sometimes 
fused with the base of the dome. 
The synangia were borne along the 
trabeculae, not on the pinnae as was 
thought by Wieland*. These trabeculae 
connected the outer wall of the andro- 
ecium with the inner one. 

Male reproductive organs— The 
microsporophylls (:=stamens) were 
borne below the ovuliferous receptacle. 
They were 8-18 in number and arranged 
in a whorl. The bases of microspo- 
rophylls were fused together to form 

a disc. Each microsporophyll consisted of a main 
rows of trabeculae, each bearing two rows of sac-l.ke synang 
(figs 3-4 &3-5). In bisporangiate -flowers’ the m.crosporo- 
phylls appeared to be incurved with iheir outer surfaces pressed 

have been reported to occur on the dorsal surface 

colossalis. __ 

1 Wicland G R. 1'06. 

2. Dclevoryas, T. 1963. 



microsporoph)rll 


Fig. 3— 4 The reproductive 
structures of Cycadeoidea daco- 
/rriitj (After VVieland). A — 
L.S. of the seed with micro- 
pyle above. The seed is 
surrounded by scales on 
either side; B — Portion of a 
male reproductive organ 
with pendant microsporan- 
gia. 
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Each synangium had a short stalk (fig. 3-5A). The synangium 
was small aod pouch-like in appearance. It was shorter in 
length as compared to its width. The wall of the synangium was 
made up of palisade- 
like cells. Each syna- i 


Dgium had 20-30 peri- 
pheral partitions, each 
representing a single 

sporangium. Synangia 
dehisced by a longitu- 
dinal slit into two 
valves from which a 
large number of spores 
were discharged. C. 
dacotensis bad nearly 
unipinnate microspo- 
rophylls with numerous 
synangia on each of 
them. Each synangium 
was made up of a single 
layer of large thick- 
walled cells, this layer 
was followed by a zone 
of parenchymatous 
cells on its inner side 
(fig. 3-5). A ring of 
several microsporangia 
occurred towards the 



1^*8 3—5 Histological details of the structure 

of a synangium of Cycod oidta dacottnsis (After 
Wieland), A— L S. of the synangium with 
a stalk and two microsporangia. B— T.S, of 
the synangium with thickrned outer wall and 
parenchymatous inner layer. 


periphery of the parenchymatous zone. 

Elaborating the structure of the male reproductive organs 
Delevoryast states that the sporophyll could be likened to a 

single wedge ofan orange fruit. Now from this wedge, the flesh. 

from within the wedge is removed and ‘windows’ or spaces are 
cut out of the two lateral flat faces of the wedge. leaving oblique 
^rips of membrane intact. These strips exte nd from the outer 

!• Delcvoryas, T. 1968. 
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face of the wedge to the narrow edge. Sporangia are supposed to 
have been suspended from these bars between the ‘windows’. 
Such a structure according to Delevoryas could be likened to a 
cycadeoid male reproductive organ. 

Female reproductive organs — The ovules ( = megasporangia) 
had long stalks and these were arranged in a cone-like fashion on 
the apex of the fertile shoot which terminated into an ovuliferous 
receptacle (fig. 3-2). The ovules were onhotropous and they had 
long micropylar beaks which projected beyond the surface of the 
ovule-bearing layer. Ovules alternated with interseminal scales, 
thus their number was the same as that of the ovules. Apically 
these scales expanded to form a club-shaped structure. The 


expansion completely occupied the space between two adjacent 
ovules. The micropyle and the fiat expanded part of the scale 
projected slightly above the general surface (fig. 3-4 A). The ovules 


were almost completely protected. 

In Benneticarpus crossospermus Harris, the micropyle was 
surrounded by a micropylar plate. Harris^ compared the micropylar 
plate with adjoining interseminal scales and advocated the view 
that the interseminal scales were homologous with seeds and were 
in fact formed by the diverted development of seed initials. 

Seeds— The seeds of cycadeoids were quite small in size ; they 
were oval in shape and measured only a few millimeters in length 
(fig. 3-4 A). 500 to 600 strobili are reported to have occurred on a 

single trunk of C. dartoni Wieland. 

MORPHOLOGICAL NATURE— Wieland' was of opinion 
that the cycadeoids were the “Flowering plants of Mesozoic”. He 
believed that the cycadeoids gave birth to the modern flowering 
plants. This presumption was based on the belief that the cycadeoid 
fructifications resembled the magnolian inflorescence in the spiral 
series of bracts below the stamens (=microsporophylls) being 
homologous to the calyx and corolla of Magnolia There is further 
resemblance in the presence of numerous stamens ; in the 
occurrence of a cone-like receptacle; and in the presence of 


1. Harni,T. M. 1932. 

2. Wieland, G. R* 1906* 
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scalariform pitting in the xylem tracheids of both. This theory of 
derivation of angiosperms from Bennettitalcan flower was further 
elaborated by Oliver & Scoti^ and Arbcr & Parking 


However, these presumptions did not stand the test of time 
because the cycadeoid ovule is truly gymnospermous and it has 
no carpel like that of Magnolia, The pericarp of Cycadeoidea is 
formed by the fusion of interseminal scales, it bears no homology 
with the carpel and the fruit*wall of Magnolia, The cycadeoid 
microsporophylls are pinnate structures, reflecting their filicinean 
or pteridospermous affinities and they cannot, therefore, be regard- 
ed similar to the stamens of Magnolia, 


WILLIAMSONIA Carruthers 

(i V i lliamsoni a occurs mostly as a compression fossil in the 
Mesozoic^ U is similar to the living cycads in several respecis%^ 
f Stamensy-lea wir a s well as-fructifications fa av r bee u stu died in 
detail^ Sc H ) Cate.,, the joaost s t_ ud:ied~:3p£Ci££3i'as 

c olle^teddffiTn-york shiifl.. Its trunk was two metres or more in 
height. Bucklandia indica Seward dtscTibcd from the Rajmahal 
Hills, Bihar (India), is now considered to be the stem of William^ 
sonia sewdrdiana\ It occasionally possessed unequal branches.^ 

MORPHOLOGICAL FEATURES— B'/V/mmjo/i/a sewardiana 
Sahni, collected from the Rajmahal Hills, Bihar, was a small tree 
with a columnar trunk, measuring more than 2 metres in 

height. At its apex was present a crown of leaves somewhat like 

that of the cycads*. The leaves of Williamsonia were pinnate- 
compound and are named Ptiiophyllum cutchense McCI The 
trunk possessed two kinds of leaves (i) long pointed and scalc- 
Iike, which left small scars and (ii) parallel-veined foliage leaves 

these left large scars, leaf-bases were persistent, they formed a 

thick armour round the trunk as in the living-cycads! 

HISTOLOGICAL FBATURES-The trunk of Williamsonia 

Sahni {^Bucklandia indica Seward) possessed a small 


1 . Oliver F. W. & D. H. Scott 1906- 

2. Arber E.A.M. & Parkin 1907. 

3. Sitholcy, R. V. 1963. 

4. Sahni. B. 1932. 
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centrally situated pith, measuring nearly 1 cm. It was surrounded 
by a ring of xylem and had radially extending medullary rays. 


Xylem was endarch, i. e., pro- 
toxylem pointed towards pit!/ 
and metaxylem away from it. 
Pith and cortex both were 
parenchymatous and they con- 
tained irregularly-distributed 
secretory sacs. 

Secondary growth was 
extensive and the secondary 
wood was compact unlike that 
of the cycads, xylem traeheids 
had multiseriate bordered pits. 
This type of secondary wood 
resembles the wood that occurs 
in conifers. Wood rays, mostly 
uniseriate, were numerous* 
sometimes they were bi- or 
triseriate and extended up to the 
cambium or the phloem. 



REPRODUCTIVE OR- 
The fructifications of 
WiUiam^onia were borne on 


Fig. 3 — 6 Reconstruction of William^ 
Sonia sffordiana Sahni with a female 
slrobilus (in sectional view) and a 
sterile shoot (After Sahni). 


lateral branches. Some of these were sterile as they bore foliage 


leaves, bracts and scales only; others were fertile. Bracts occurr- 
ing on the lower region of lateral shoots were simple like those 
on the trunk but those that occurred towards the apex were 
pinnate-compound, they served as bud scales. Male and female 
fructifications were borne on separate plants; the “flowers** thus 
were unisexual and the plants dioecious. 


Male reproductive organs— The male reproductive organs of 
Williamsonia se^^ardiana Sahni have not yet been found. Staminatc 
( = microsporangiate) ‘flower* of IF. Nathorst is. how- 
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ever, known. It was nearly 9 cm in diameter and was enclosed by 



Fig, 3-— 7 Reconstruction of mtcrospo* 
rophyll of Wilt tmsonia tanloUntis with 
blunt apex and narrow side branch and 
synangia attached to it 
(After Sitholey & Bose). 


a basal cup formed by fused 
stamens ( *=> m icrosporo- 

phyJls). The basal cup itself 
measured nearly 3 cm in 
diameter. Microsporangia 
were borne in the form of 
synangia on the lateral 
pinnae. 

An incomplete specimen 
of male fructification from 
the Rajmahal Hills, Bihar, 
IV, santalensis has been des- 
cribed by Sitholey and Bose.* 
It possessed a shallow basal 
cup. The microsporophylls 
were attached to the cup; 


they were divided into two 
parts, a blunt terminal portion and a narrow side branch. The 

latter possessed two rows of finger-like synangia (fig. 3-7 . Two 

more species of Witliamsonia, namely W. setosa Nathorst and W, 
sahni Gupta with microsporangiatc structures have been found in 
the Rajmahal Hills, Bihar. 


Female reproductive organs— The female reproductive organs 
or ovules of WilUamsonia sewardiana were borne on a central 
receptacle which was constituted by stalked ovules mixed with 
intcrseminal scales (fig. 3-6). The ovule had an elongated nucellar 
region and distally-extended apical funnel (=micropylar beak). 
The entire female fructification was enclosed by several long 
bracts. The bracts had scales at the base and hairy ramenta above. 

Another female fructification. had closely packed 

ovules and mterseminal scales. The ovule had a short stalk and 
the nucellus was covered by a single envelope which extended up to 
the micropylar beak. Some other female fructifications referred 
this genus are W. mexicana and W. whUbiensis Nathorst >4, 


1. Sitholey, R. V. & M. N. Bose 1953. 
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WILLIAMSONIELLA Thomas 
Williamsoniella is a genus which is placed in the family Wic- 
landiellaceae. It was more profusely branched than WiUiamsonia. 

MORPHOLOGICAL FEATURES— IT’, coronata Thomas, the 
most studied species of this Srrobili 

genus, possessed dichoto- 
mously branched trunk. 

The foliage o^WiUiamsoniel- 
la is Nilssoniopteris 

yittata [= Taeniopteris vittata 
(Brong )] Florin. The leaves 
were linear with a thick 
midrib and broad lamina 
which had many closely 
packed lateral veins (fig. 3 -8). 

REPRODUCTIVE OR- 
GANS — The fructifications 
of Williamsoniella were 

. • L. • , , Fig. 3—8 Reconstruction of 

borne upright in the angles WHUnmsonulla coronata 

of the dichotomies. They and leavci. Strrbili lituat. 

ed in the dichotomies (After 
were bisexual and smaller Thomas), 

i\iQ.viihosto{ WiUiamsonia. Basal bracts were absent. The peduncle 
of the fructifications (=• flowers) measured 3.5 cm in length (fig. 3-8). 

Male reproductive organs— Microsporophylls (=stamcns) 
were fleshy and 12 or more in number, these were borne below 
the female reproductive organs. Each microsporopiiyll was like the 





• t: 

--- 


Hair/ 

Microspoiophyll 
interseminat scoSCi 
Seed 


Centro) 

elongoted column 


segment of an orange in appear- 
ance (fig. 3-9). It had finger-like 
branches in the central region 
which partially enclosed two 
pairs of "capsules’ ( = synangia). 
Thus there were four synangia 
on each microsporophyll. Each 
capsule had a large number of 


Fig 3 — 9 V. S. of the reproductive 
organs of W illiamsomtlla coronuta 
(After Harris). 


spores. Below the microsporo- 
phylls were hairy-bracts which 
were perianth like. 
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Female reproductive organs — The ovules in Williamsoniella 
were sessile and were directly attached to the sides of the recep- 
tacle between numerous interseminal scales which ended into 
knob-like structures. 

WIELANOIELLA Nathorst 

WieJandieUa is another fossil cycadophyte that occurred in 
the Mesozoic. It belongs to the family Wielandiellaceae» 



Fig. 3-10, Reconstruction of WietandUlla angustifoiia with cluster, of leave, 
and strobili situated at the dichotomies (After Nathorst). 

W. angustifolia Nath., the only well-known species of this genus 

was collected from . Sweden. It resembled WilUamsoniella iryxU 

dichotomous mode of branching. The trunk measured about 1 5 
cm in diameter and showed false dichotomy. Leaves nearly 
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AFFINITIES OF THE CYCADEO10ALES— The cycadeoids 
in many respects resemble the ferns and cycads, yet in other 
characters they differed from them and hence form a distinct 
group of gymnosperms, 

Resemblaoces with ferns — The cycadeoids resemble ferns in 
the presence of a crown of leaves, persistent leaf-bases, mesarch 
nature of vascular bundles, direct course of leaf-traces through 
the cortex and many other characters. Cycadeoids also resemble 
the Maraitiaceous ferns in the structure of their synangia. 

Resemblances with cycads — There is similarity between the 
habit of cycadeoids and cycads. Secondly the seeds in these two 
groups reserabU each other especially with cycas in being dicoty- 
ledonous. They are however very much smaller; consequently, 
therefore, they were probably exendospermic. In having bisporan- 
giate reproductive organs cycadeoids differ markedly from 

cycads. 




Chapter 4 

Ct(cadales 


GENERAL CHARACTERS— The different genera belonging 
to the order Cycadales* are popularly called the ‘Cycads*. The 
order includes three families viz., Cycadaceae Stangeriaceae and 
Zaraiaceac with ten genera and about 77 species, which are pre- 
dominantly distiibuted in warmer parts of the globe. The cycads 
have been considered to be of great botanical interest because they 
possess several primitive characters which arc absent in other 
gymnosperms. They bear affinities with ferns on the one hand in 
such characters as the arrangement and vernation of leaves (fig. 4-9) 
and motile nature of male gametes (fig. 4-37D) and on the other 
hand, they resemble the pteridosperras, a group of fossil gymno- 
sperms, which does not exist now, in having thick cortex, large 

pith, centripetal metaxylem, pinnate leaves and the structure of 
the ovule. 

The mesozoic era is called the ‘Age of the Cycads’, as they 

were abundant and widespread at that time, though the cycads 

appeared first in the Triassic. The other group of gymnosperms 

which was contemporaneous with the cycads was the Cycadeoidales 
(=Benncttitales). 

DISTINGUISHING FEATURES— In general, most of the 
iving cycads arc xerophytes. Their growth is slow and branching 

rare. Among the living cycads, T. Hill ex C. 

Moore is the tallest and Zamia pygmaea Sims, the smallest cycad. 
Some of them possess columnar trunks. The cycads have the 
following distinguishing features: 

They sre long lived and resemble palms or tree ferns in their 
habit. Gymnosperms and ferns both have unbranched stem and 

I. Covller, J, M. & C. J. Chambcrliin 1910. 
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large pinnate leaves which form a crown (fig. 4-1 1). The trunk is 
either long and columnar, e.g., Dioofit Microcycas, Macrozamioy 
EncephalartoSy or short and stumpy, e.g., Bowenia, StangeriOy Zamia, 
etc. It possesses armour of persistent leaf and sporophyll-bases (fig. 
4-12). Two kinds of leaves are present viz., foliage leaves and scale 
leaves. Foliage leaves assume different dimensions indifferentplants. 
They are mostly unipinnate, rarely they may be bipinnate, as in Bowe- 
nia. Lamina is linear, sometimes ovate, entire or serrate. Geotropic 
as well as apogeotropic or coralloid roots may be present (fig.4-14). 
They are usually di- to tetrarch. Vascular bundles are radial and 
the xylem is exarch (fig. 4-15). Stem in young stage is monoxylic 
(fig. 4-17) possessing conjoint, collateral and endarch vascular 
bundles. Activity of primary cambium is meagre. Anomalous 
secondary growth takes place by the formation of successive rings 
of Gambia (fig. 4-22). Wood is manoxylic, mucilage canals may 
be present in pith and the cortex. Leaf traces are pseudomesarch 
or diploxylic in the living genera. Vascular bundles of pinnae are 
also pseudomesarch with well developed transfusion tissue 
(fig. 4-25A&B). Stomata are sunken and haplocheilic (fig. 4-26). 
Plants are dioecious, microsporophylls are scale-like or peltate and 
they are arranged in the form of strobili (fig. 4-32), but the megaspo- 
rophylls are loosely arranged in Cycas (fig. 4-28). Strobili are 
cither terminal or lateral. Microsporangia develop in sori on 
abaxial (lower) surface of the microsporophylls (fig. 4-34) and the 
megasporangia which are few in number arise laterally on either 
side of the megasporophylls (fig. 4-29&4-30). Themegasporophylls 
arcfoliarinCycorand are covered with hairs or ramenta (fig. 4-29). 
The tips of megasporophylls are sterile. Megasporangia (ovules) are 
orthotropous, they possess a three-layered envelope, a pollen 
chamber and micropylar canal, etc. (fig. 4-31). Microspores 
(pollen grains) are liberated at three-celled stage, their maturation 
takes place in the pollen chamber of the ovule(fig. 4-36H). Pollination 
is aneraophilous. Male gametes are multiflagellate and motile. 
They show flagellar as well as amoeboid movements. Pollen tube 
is haustorial in nature (fig. 4-37). Archegonia are 2 or more in 

number with usually two neck cells (fig. 4-36). Neck canal cells 
are absent and the ventral canal cell is represented uane uyciqs 
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and there is no wall separating the ventral canal nucleus from 
the egg. Endosperm develops from the tissue of the female 
gametophyte before fertilization. Fertilization is siphonogamous 
accompanied with zooidogamy. Procmbryo and suspensor arc 
formed during the development of the embryo. Cotyledons arc 
usually two (fig. 4-39). rarely 1 or 3. Seeds arc large and their 
germination is epigeal. Shrivelled cotyledons remain attached to 
seedling for pretty long time. 

GEOGRAPHICAL DISTRIBUTION-TheCycadales includes 

ten genera. Among these, Dioon, Ceratozamia, Microcycas and 
Zamia occur in the Western Hemisphere hence they are called the 
Western cycads, while, CycaSt Encephalartos, Stangeria, Macroza- 
mia, Bowenia and L^pidozamia arc distributed in the Eastern 
Hemisphere, they are, therefore, called the Eastern cycads. 

Distioguishing features of theCycadales — There are three families* 
Cycadaceae, consisting of the genus Stangeriaceae with one 

genus Stangeria; and Zamiaceae which includes the remaining eight 
genera. They are characterized by ne^^?on‘of the leaflets*. 

Cycadaceae— midrib with no lateral nerves. 

Slaugeriaceae— midrib with lateral veins. 


Zamiaceae — numerous 
longitudinally running ner- 
ves parallel or wavy, simple 
or forked. 

The different genera of the 
order Cycadales possess the 
following distinguishing 
characters: 

Cycas Linn. — Leaves 
unipinnate. leaflets with 
a single midvein without 
lateral veins; megasporo- 
phylls foliar with 2 to 10 
ovules (fig. 4-1). Johnson^* 



states that there are 20 Fig 
species in all. 

1. Johnson L.A.S. 1959. 

2 . Johmon, L. A. S (inj. C. WUlul966). 


F>g. 4—1 Cji 
phylls aotf 


megasporo- 
^ reave$ 
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Stangeria T. Moore — Leaves unipinnate, leaflets with a 

single midrib and bifur- 
cating lateral veins. Sporo- 
phylls aggregated, forming 
compact strobili. Megaspo- 
rophylls peltate, each pos- 
sessing only 2 ovules 
(fig.4-2). 

Dioon Lindl. — Leaves 
unipinnate, leaflets parallel 
veined, veins furcate; medul- 
lary bundles absent; mega- 
sporophylls loosely compac- 
ted (fig. 4-3) in female stro- 
bili. 

Afacrozomia Miq. — Leaves unipinnate, leaflets parallel veined, 
veins furcate ; medullary bundles present ; sporophylls end in a 
long spine. 



Fig. 4 — 3 Dioon eduie (After Schuster) 

Encephalartos Lefam.— Leaves unipinnate, leaflets parallel- 
veined, veins furcate; stem polyxylic, medullary bundles present, 

sporophylls peltate (fig. 4-4) 



Schuster) 
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Ceratozamia Brongn.— Leaves unipinnatc with a pair of teeth- 
like stipules. Sporophylls possess two horns. 

Microcycas A. DC. — 
Leaves unipinnatc with- 
out stipules; microspo- 
rophylis flat at the apex 
and megasporophylls 
peltate ; trunk columnar 
(fig. 4-5). 

Zamia Linn. — Trunk 
geophilous; leaves uni- 
pinnate with branched 
lateral veins. Both mi- 
crosporophylls and me- 
gasporophylls peltate 
(fig. -46). 


Fig. 4—4 Apical part of Encephalartot 
kildthranatii with a crown of leave* 
(After Engler and Prantl) 


Bowenia Hook. — Leaves bipinnate 
compound ( fig, 4-7 ). 

LepWozamia*RegeI.-Trunk 2 to 20 
meters tall. Leaves numerous; sporo- 
phyll ends acute or bluntly pointed 
or with a terminal spine. Strobili 
sessile or subsessile. Successive 
crowns of fronds markedly separa- 
ted by broad series of :cataphylls. 

Pinnae with a single thick midrib and 
no lateral veins. Megasporophylls 
spirally arranged and falling sepa- 
rately at maturity. Only two living 
species, L. peroffskyana Regel and 

hopei Regel arc known, from 
E. Australia. Fig.4 5. — AUcroc/cas 

utlfoiM (After Schus ‘cr 




1. Johnson, L. A. S. 1959 
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Fig. 4 — 6 ^amia integri/oHa v/ith 
subterranean stem and a 
megastrobiJus at the apex 
(After Jacquine) 





^*5* 7 Bowenia spectabilis with tuberous 

stem and bipinnate compound leaves 
(After Engler and Prantl) 


^ CYCAS Linn. 

( SYSTJ^Ml^CTosmON— 

' OrdcT-~-Cycr dates 

Family — Cycadiceae 

Genus — Cycas Linn. 

GEOGRAPHICAL DISTRIBUTION-(^>'Cfl^ is the most 
widely distributed genus of the Cycadales. Its species arc distri- 
buted from the southern part of Japan to Australia including' 
India, China and the Eastern coast of Afri^l In India, Cycas is 
represented by the following six species* which may be identified 
by the characters enumerated below : 

Margins of leaflets flat 

Trunk not swollen at the base 

Leaflets 5 mm. to 10 mm. broad, blade of carpophyll* broadly 

orbicular, long, acuminate and deeply pectinate. 

7. C. pectinala Griff. 


I 1. Raizada, M. B. & K. C. Sahni 1960. 

• CarpopbyllsMegasporophyll. 
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Leaflets usually not more than 12 mra. broad, carpophylls 
spinous, toothed along the margin. 

2. C. circinnalis'f Linn. 

Leaflets 12 mm. to 16 mm. broad, blade of carpophyll ovale to 
ovate-lanceolate, densely villous, teeth small. 

3. C. rumphii Miq. 
Trunk conspicuously swollen at the base 


Leaflets not more than 8 mm. broad, carpophylls pectinate 
along the margin, blade of carpophyll ovate. 

4. C. siamensis Miq, 


Margins of leaflets revolute 

Small palm-like tree, blade of carpophyll pectinate. 

5. C. revoluta Thunb. 


Small shrubs, stem about 15 cm. high, blade of carpophyll 
denlate-Iobate. 5. c. beddomei Dyer. 





S > 


Fig . 4 8 The apical crown of a young plant of Cyce, circinnali,. 


indJS" S? r'''' ""'s^inguishing features of 

NDIAN SPECIES— Qcaj pcctinata occurs in eastern Nenal 
Chantparan D.str.et (Bihar). Sikkim. Assam and East BengaT S 
Ne_pa^ locally called •Thakal' and in Assam •Thaliimura*; The 

tSpclIing after Schuster 1932 : 66. ^ 
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Young Leaves Showing 
iCircfnato Ycrnotion||E 


Mcgasporophyii 


Lccivcs 


plants of this species possess thick columnar trunk nearly 

1.5 to 2.5 metres high. Mcgasporophylls are deeply pectinate and 
bear 4 to 6 ovules. 

C. siintsnsis occurs in Burma and is geophilousj stem some- 
times up to 2 metres tall. Megasporophyll usually bears two 

ovules, one on either 
side of it. Burkill* be- 
lieves that this as well 
as C. pectinata are one 
and the same. 

C. circinnalis occurs 
in Orissa, Andhra and 
Madras States and ex- 
tends to Ceylon, Java, 
Sumatra, Formosa and 
Philippines. It bears uni- 
pinnate leaves which are 
1.5 to 3.0 metres long, 
with 80 to 100 pairs of 
leaflets. Megasporo- 
phylls are rhomboid in 
form. They are much 
longer than broad and 
have sharp teeth (fig. 

4 9). A variety named 
C. circinnalis Linn, var 
orixensis occurs in the 
hill forests of the 

p{g. 4—9 Young Icavc' aud mcgasporophylls Malls Of Puri^. 

of Cycas circinnalis 

C. rumphii occurs in Burma, Andaman and Nicobar Islands, 
Celebes, New Guinea, etc. It is usually cultivated in the gardens. 
It possesses unipinnate leaves 1 to 2 metres long with 50 to 60 pairs of 

leaflets. Mcgasporophylls are long, lanceolate and dentate. Some- 
times it is difflcult to distinguish this species fro m C. ci rcinnal is. 

1. Burkil! [in Bor. N. L 1953:8]. 

2. Raizada, M. B. & K. C. Sahni 1960. 
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C. heddomei occurs in Cuddapah, Calicut, etc. It is a dwarf- 
stemmed species occurring in the hills of Madras. In Tamil, it is 
called ‘Per ita\ The plants are shrub-like in habit, the stem is a 
few centimetres in height, leaflets are narrow, 2 to 4 mm. broad 
with revolute margins. 

C. revoluta occurs in China and Japan. It is widely cultivated 
in the gardensof our country. As it yields ‘sago’ it is popularly called 


‘sago palm*. These plants 
are palm-like in form, 
nearly two metres high. 
Leaflets are 6 to 8 mm. 
broad with revolute 
margins (fig.4-10). 

According to Pant and 

Mehra’ 17 species of^i^ 

« % 

Cy cor are said to occur '7 
in the Eastern Hemi- 
sphere. L.A.S, Johnson 
believes that there are 
20 species.' ^ 




r 
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Fig. 4—10 Plants of Cye^is reooluta growing on a 
hill slope (After McLean and Cook) 

FCATURIES-^ycaj is a slow growing, / 
long-lived tropical plant resem- ^ 
bling a palm tree in external 
appearance. ‘ The stem is un- 
branched;' erect and stout. 

When young the stem is tuber- 
ous^ Swamy® reported dicho- 
tomous branching of s^m in a 


Fig. 4. 1 1 Crown of Cycas nroluta show- 
ing the arrangement of leaves and 
megasporophyils (After Wcttsiein) 

1. Pant, D. D, & B. Mehra 1962. 


pIant,^from Mysore, ^At the 
apex of the stem occurs a crown 
of spirally arranged, pinnate 
leaves which may be 90 to 270 
cm. long, in different species 


2. Johnson, L. A. S. (in J. G. Willis 1966) 

3. Swamy, B. G. L. 1948. 
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Sccle^leof scor 


Vgscglor 

.strands 


Sporophylt 

scort 


(fig. 4-11). Pinnae are hard and leathery and they are 
closely set on the rachis. They are sessile with a narrow base and 
decurrent margins. Lamina may be entire or dichotomised as in 
C. micholitzii Dyer. There also occur small, dry, brown scales alter- 
nating with green foliage leaves. Usually a single crown of leaves 

appears every year. But Pant* 
roiiogc-rcof scor has reported the formation 

of two crowns in a year in 
C. circinnalis and C. rumphii 
(in Allahabad), one of which 
comes up in spring and the 
other in the monsoon season. 
According to Coulter and 
Chamberlain- a single crown 
of leaves persists for more 
than a year but Pant^ has re- 
ported the occurrence of 4 to 5 
crowns, one below the other. 
The number of leaves borne 

at the apex increases with the age of the plant There is no regular 
leaf fall in Cycas, but when the leaves grow old, they bend down 
and gradually decay. The old stem is sheathed with a hard armour 
of woody leaf and sporophyll-bases, which persist for several 
years (fig. 4-12). The leaf-bases provide a rough estimate of the age 
of the plant. The pinnae have an entire margin, a distinct midrib, 
but no lateral veins. The leaflets are opposite or sub-opposite to 
each other and are replaced by spines at the lower end of the 
rachis in C. revoluta and C. circinnalis. Scale leaves are triangular 
and hairy ; these are formed when the plants do not produce nor- 
mal green leaves. Alternate patches of scale leaves and leaf-bases 
form the characteristic ribbing on the stem. Bases of sporophylls 



Fig. 4-12 An old trunk of Cyeas revoluta 
showing different kinds of scars 


1. Pant, D. D. & B. Mchra 1962. 

2. Coulter, J. M. & C. J. Chamberlain 1910. 

3. Pant, D. D. 1953. 
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are also present in older plants (fig. 4-12). Young leaves of Cycas 
ow circinate vernation, a 
character which they share with 
ferns (fig. 4-13). 

{^Cycas plants bear a lap root 
which is short lived and is later 
replaced by adventitious roots. 

In addition to these there also 
arise a few negatively geotropic 
lateral roots which are profusely 
and dichotomously branched. 

They are small, apogeotropic (fig. 

4-14) and come out of the soil sur- 
face. They have bacteria, blue 
green algae and fungi in their 
cortex. The entry of these organ- 
isms is said to be responsible for 
the characteristic swollen, knob-like 
or coral-like appearance and hence 
the name, coralloid roots^ 

TATIVE PROPAGA- 
TIOl^T^In Japan, vegetative propa- 
gation of palms, cycads, etc., is 
practised as an art called ‘bonsai’, in 
which plants are injured at places to 
induce branching. The dwarfing 
habit is induced by successive artifi- 
cial injuries. Adventitious buds or 
bulbils quite commonly arise on the 
trunk. These are used for vegetative 


1^*8* 4 — 13 Portion of a thick armour* 
cd trunk of (y^as revoluta with a young 
bud showing circinate vernation of 

leaves. 






^*8* ♦—U Corallom roots of 
Cyeas moluta. 


propagation. 


p^ 

stag “ FEATURES-The root of in young 

oy a layer of epithelial or secretory cells. Stele is 


44 


GYMNOSPERMS 


surrounded by a single layered endodermis possessing casparian 
strips and many layer- 
ed pericycle. \ ascular 
bundles are radial 
with two to four 
xylem patches which 
alternate with phloem. 

The protoxylem has 
spiral and the metaxy- 
lem scalariform thic- 
kenings and the latter 
sometimes possesses 
pitted elements. The 



Corfti 

Primofy Phloem 
Secondory Phloem 

Seco-idory Xyleo, 
Primary Xylem 

Proloiylem 


Fig. 4*15 T. S. of a diarch root of Cj^cas 
rt^voluia With secondary growth 


Coriei 


Algol 



^ 6 



Cndodcrmts 




Muctlogioojfs C0f>0ls 


Fig. 4 — 16 T. S. of a coralloid 
root of Cycas levoluta showing 
triaich xylem and algal layer in 
the cortical region (somewhat 
diagrammatic). 


protoxylem of stem, according to 
Greguss*, has no spiral thickenings. 
Xylem isexarch(fig 4-15), but Atwood- 
reported the presence of mesarch 
protoxylem in ti’e adventitious roots 
of Cycas revolu!^\ this, however, needs 
confirmation, l^hloem in the young 
stage; consists of parenchymatous tissue, 
but in older parts it consists of 
fibres. Coralloid roots usually have one 
or rarely more than one layered 
thick algal zone (fig 4 16). The algal 
zone is absent from the roots pene- 
trating into deeper layers of the 
soil. Coralloid roots possess poor- 
ly developed secondary tissues. 


Cells of algal zone usually possess Anabaena cycadeae and Nostoc 
punctiforme. Sometimes OscillaioriOy Diatoms, Azotobacter and 
Pseudomonas have also been found in these zones (fig. 4-16). 
Chaudhuri and Akhtar^ have reported dichotomous mode of 

branching in some of these roots. 


1. Greguss, P. 1955. 

2. Atwood, S. 1935. 

3. Chaudhuri, H.& A. R,Akhtar 1931. 


cycadales 


45 




The stem assumes an irregular outline m cross section be- 
cause of the presence of numerous leaf bases. The epidermis is 
not clearly demarcated. Tne stem consists of a wide parenchy- 
matous, multilayered cortex 
which is full of starch besides 
having numerous mucilage 
ducts and leaf traces (fig. 
4-17). The vascular cylinder 
is eustelic like of that of a 


Girdling Trace 


Vasculor 

Cylinder 


Pith 


Leaf 



Pof<.ncK)mQ 


\:ccd 


Fig. 4 — 17 Outline sketch of the T.S. 
of a youn^ stem of Cye s showing 
girdling traces rAfter Engler 
and Pranil). 

dicotyledonous angiosperm. 
Vascular bundles are collateral, 
open and endarch. Pith is 

centrally situated (fig. 4-I7). It 

is parenchymatous and full of 
starch. In Cycas seedling, 
xylera is mesarch. Xylem rays 
occur in between the two adja- 
cent xylem bundles, they are 
broad and deep. Leaf-traces 
are small, endarch inside the 






- 




Muedoge ducts 


Girdle traces 
Direct trore« 


Fig. 4—18 T. S. of a youne stem of 
Cycas uvoluto with vascular bundles 
arranged in a ring, girdling 
traces and mucilage ducts. 


Stem but as they enter 
the leaf, they become pseudomesarch due to the formation of 

the centripetal xylem; at the extreme tip of the rachis they 
are said to become exarch. 


The leaf-traces in the stem of Cycas (fig. 4-18) arise from the 
vascular bundles of the primary ring. Each leaf is supplied with 
two main leaf-trace bundles and several small radial bundles. The 
two trace bundles may either arise independently or may be formed 
by the branching of one and the same trace. Traces arise from the 
proioxylem of the primary vascular ring, opposite the leaf which 
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they supply. The leaf trace first passes obliquely outwards through the 
cortex, then it divides into two halves, each half running round in 
opposite direction in the cortex later meeting at the base of the 
leaf and after bending out going into the petiole. Because these 
tracts go round the stem, they are called ‘girdling traces’ or ‘in- 
direct traces’ (fig. 4-18). Direct traces or bundles also arise from the 
primary ring ; these in turn bifurcate and each half produces a 
complex system of anastomosing bundles. They get attached to 
the girdle bundles, both of their own and of other leaves, in the 
same group. Hence the leaf-trace of each group of leaves forms a 
single united system. The girdle as well as direct-traces anasto- 
mose together, they then enter the leaf-bases, where they branch 
freely and arrange themselves in the form of a ‘U’ characteristic 
of the petiole (fig. 4-23). 

Presence of girdle bundles is a characteristic feature of the 
Cycadales. McLean and Cook* suggest a possible relationship 
between the Cycadales and Liriodendron Linn. (Magnoliaceac) on 
the basis of such traces, but the origin of traces in the two groups 
has been found to be altogether different from and independent of 
each other. 

A leaf-trace, when it enters the petiole is normally collateral, 
the xylera consisting of rows of tracheids, separated by rays. 
The metaxylem is entirely centrifugal. Protoxylem, therefore, 
at this stage is endarch. A little higher up in the petiole, the 
centrifugal xylem gets gradually reduced. The centripetal xylem 
makes its appearance on the other side of protoxylem opposite the 
centrifugal xylem. This changes the endarch nature of the petiolar 

bundle which for most of the length of the rachis maintains this 

character. The rachis as well as the pinnae of Cycas possess 
vascular bundles in which the centrifugal metaxylem develops 
secondarily and it is also separated from protoxylem by a small 
amount of parenchyma. Such bundles are spoken of as mesarch, 
although in the strict sense, they are pseudomesarch or diploxylic 
(fiff 4-23 & 4-24). At the extreme tip of rachis the centrifugal 
xylem is said to be completely reduced hence theprotoxykm can be 
said/o be exarch in position. This, however, needs confirmation. 
^^Secondary growth— In the roots of Cycas abnormal type of 
secondary growth takes place by the formation of 
T^Lcan,“^Cr&'\V. R. Ivimcy Cook 1951. 
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atong the inner edges of phloem strands, which soon cut off 
secondary xylem on their inner and secondary phloem on their 
outer faces. Xylem rays are formed and primary phloem gets 
ultimately crushed. The two cambial arcs go on adding secondary 
tissues, they also meet 




each other and thus a 
continuous cylinder of 
secondary vascular tissue 
is formed (fig. 4-19). While 
this is happening, a dis- 
tinct layer of phellogen 
arises in the cortex, which 
cuts off the phelloderm 
on the inner and phellem 
on the outer side of the 
phellogen. In certain ano- 
malous cases more than 
one layer of cambia may 
be formed. 

The young stem of 
Cycas shows normal 
secondary growth like 
that of dicotyledonous 
angiosperra by the acti- 
vity of intra-and interfas- 
cicular cambia. These 
cut off secondary xylem 
on the inner and second- 
ary phloem on the outer 
sides (fig. 4-18). Second- 
ary rays and parenchyma 
cells are radially distribu- 
ted in secondary xylem 
(fig. 4-2u). Secondary 



L Secortjofy Wood 
of Sccortd Ring 


Secondary Phloem 


Secondary Wood 
of Fir$f Ring 


Xylem Ray 


Pith 


Fig. 4-19 Portion of the T. S. of an old stem 
Of Cyw with two rings of secondary wood 
(After Pant and Mehra) 


phloem possesses fibres and sieve cells. deBary> and Miller^ report 
J^presejKc of sieve tu bes in the phloem an d Greguss^ that of 

dcBary,Xr884 ^T^iUcr, W. ^ Greguss, P. 1958. 
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the vessels in the secondary xylem of C. revoluta, but this 
needs eoiifirni ition. In Cycas, raetaxylera tracheids have elongate 

broad borders with apertures which are obliquely Tracheids 
to transversely oriented in relation to cell wall. /\ ^ 

Bierhorsl* states that in secondary xylem the 1/ I 
bordered pits are round. Sifton- reported the f 
presence of the rims of Sanio in C. revoluta. 

The pits may be in two or three series, alternate, 1/flJ 

sometimes they may be pressed and appear I 1 
angular like those in the Araucariaceae. 

There may be 8 to 12 bordered pits in the field y f/| 

(fig. 4-21). Greguss^ noted a kind of spiral LD 

structure in the secondary tracheids of Cycas 7 

» common with 

the tertiary Parenchyma 

spiral of p.^ wood tra- 

TaxUS (fig. cheids and ray paren* 

.1 ^ r- ^ * chyira in T. S. of 

4-21).Extrastc- c^cas (highly 
lar secondary enlarged), 

Muitiseriote ^ gfowth takes place by the forma- 

Tfdcheids Bordere^Pits phcllogcn Which CUtS Off 

phelloderm on its inner side and 

phellem towards the periphery. 

Lenticels are also formed. 

The cortex, Xylem rays 

® young stem of 

Cycfl^are in larger proportion 

and more prominent as compar- 

Rays R. LS. ed to the conducting zone, the 

pjg 4 — 21 Portions of secondary wood xylem. The Stem, therefore, is 

of in longitudinil sections showing ^ SDOngy, henCe it is 

rnultiseriaie pining (After Greguss). SOtl anu spuuej, 

enmetimes called ‘manoxylic , 
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Rays 


R . LS. 


pjg 4 — 21 Portions of secondary wood 
of C_)C>7S in longitudini.1 sections showing 
rnultiseriaie pitting (After Greguss). 


sometimes called ‘manoxylic , 
in contrast to the wood of conifers where the ratio of xylem 
1. Bierhorst, D. VV. 1960. 2. S.fton, H. B. 1915. 3. Oregon, P. 1955. 
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to guch tissues is much larger making the conifer wood more 
compact, or ‘pycnoxylic*. 

In fairly old plants secondary growth is of abnormal or 

anomalous type. In the beginning, the stem ismonoxylic(singlering 

Of vascular bundles), 

centric rings of vasc^^ 

ring remains active for 
< ^ short time and 

is succeeded by another 

Fig. 4-22 T. S. of an old atom of Cycas « f°™ed independent- 

showing polyxylic condition. ly jq the pericycle or the 

cortex. This may be 
superseded by a third, fourth or fifth cambial layer. Chamberlain* 
counted fourteen rings in the stem of C. pectinata. Sometimes, it 
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Fig. 4 — 22 T. S. of an old stem of Cycas 
showing polyxylic condition. 
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Bundle sheoUi ^ 
Voxular Stronds 



>./ ,*S. 

' V' •■ 


j T. S. of the rachU of Cycas rcDoluta at the base showing mucilage ducts 
and endarch protoxylem. Centripetal metaxylem has not yet developed. A 
single vascular bundle has been enlarged to show the internal details. 

has been observed that in Macrozamia and Bowenia the cambia 
that arise in bet ween two rings (tertiajy cambia) produce tissues 
1. Chamberlain, C. J. 1935^ ~ 
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with reverse orientation, i. e., phloem inwards (towards the centre) 
and xylem outwards (away from the centre) of the stem. 

The petiole may be cylindrical or flattened in cross section 
with several mucilage canals arranged in a ring. The 
vascular bundles are arranged like the letter ‘U* (fig, 4-23). 
The flanges of the arms pass into leaflets. The ground tissue is 
made up of outer hypoderraal zone of sclerenchymatous and inner 
zone of parenchymatous cells. Each vascular bundle (fig. 4-23 & 
4-24) is enclosed by a bundle sheath inside which is present the 



Fig. 4 — 24 A vascular bundle of Cj^as revoluta with both the centripetal 

and centrifugal xylem (After de Bary). 

centripetal xylem towards the upper surface of the rachis, then 
comes the protoxylem which is usually separated by some paren- 
chymatous cells from a few centrifugal tracheids that occur towards 
the phloem. Probably a little cambium is present between the 
phloem and the centrifugal xylem. It is stated that these centri- 
fugal elements are secondarily formed hence the bundle is in strict 
sense ‘diploxylic’ or ‘pseudomesarch’. The rachis has an 
outermost covering of thick walled epidermis which is provided 
with a thick cuticle. Stomata are irregularly distributed on the 

epidermis. 
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The vascular bundles of the rachis frequently ^dichotomise and 
anastomose in their longitudinal course. Bundles which lie at the, 


Uppef epidermic 

Hypodermit 

Pciisode layer (Upper] 






Cenrr'petal Xylem 

- - - 




Spongy 
porenenymo 

Polisade (oyer (Lower) * 

Centrifugol Xvlern 

ProtOKvIem 

Bundle Sheath 



Lower epidermli 

Treoifusioa Tiisut 


Phloem 
Vosc^l^f bundle 


Fig^ 4— 2SAo T* So of a pinna of Cycas revoluta with curved margins showing 

details of the internal structure. 


Cuticle Hypodermis Xylem 



Stomd 


Spongy parenchyma 

Accessory 
Transfusion tissue 


Ccntrifugol xylem 
Lower Epidermis 

Phloem 


Cuticle 


Transfusion tissue 


frotoxylcro 


Fig. 4— 25B. Midrib and a portion of lamina (enlarged) of the 

T. S. of the pinna of Cjeas revoluta. 


two open ends of the ‘U* pass out and enter the two pinnae. ThiS 
is continually repeated till, near the apex of the rachis, only a few 


4 
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vascular bundles remain ; these are arranged in a ‘C’-shaped arc. 
Ultimately one by one, these bundles too enter the terminal pinnae 

Upper cpidermij Ttifiz-U leaf. 

The leaflets or 
pinnae of Cycas are 
dorsiventral and hypo- 
stomatic (stomata pre- 
sent on lower surface 
only). In transection 
of the pinna a thick 
cuticle is followed by 
a thick-walled epider- 
mis. Stomata occur 
on lower side of the 
leaf and are sunken 
(fig. 4-25 & 4-26). 
Below the epidermis 
occurs the sclerenchy- 
matous hypodermis. Palisade tissue consists of elongated cells full 
of chloroplasts. The palisade tissue of Cycas leaf, according to 
Eames and McDaniels*, has lignified walls, the thickenings 
gradually diminishing towards the lower end which may have no 
lignin (fig. 4-26). The middle part of the pinna is filled with 
spongy parenchyma. 

Separated by some parenchyma cells, or directly in contact 
with the centripetal xylem, abutting on the bundle sheath, is the 
transfusion tissue (fig. 4-25A&B). The cells of this tissue are short 
and wide with walls that have reticulate or bordered pitted thicken- 
ings. Worsdell- thought that transfusion tissue was the lateral exten- 
sion of centripetal xylem but Carter^ derives it from leaf parenchyma. 
Takeda^ regarded it as a mere physiological modification of peri- 

cycle or mesophyll cells for the storage of food. In between the 


1. Eames A. J. & L. H. McDaniels 1947. 

2. Worsdell, W. G. 1897. 

3. Carter, M. G. 1911. 

4. Takeda, H. 1913. 


Palisade layer. 



Spongy 

porenchymo— 7^ 
Polisade laye: 


Lower epidermis Subsidiarj-CeM^' * 


Fig. 4 — 26 T. S. a portion of the pinna of Cyeas 
(enlarged) showing lignified palisade layer and 
the spongy tissue. Stomata are present on 
the lower surface only (After Esau). 
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mesophyl! cells also occur a few tracheid-like, colourless, lignified 
cells, having bordered pits on their walls. These are arranged at 
right angles to the axis of the leaf and constitute the so-called 
radial parenchyma, secondary transfusion tissue, hydrostereom 
or accessory transfusion tissue (fig. 4-25 A & B). It is connected with 
the xylem through the transfusion tissue and represents, accord- 
ing to Ligaier*, the reduced lateral conducting strand. 

Vascular bundles are surrounded by a jacket of ihick-walled 
cells. Phloem lies towards the lower leaf-surface, Protoxylem 
is pseudomesarch or diploxylic. The centripetal xylem is directed 
towards the upper leaf-surface and the centrifugal xylem towards 
the lower. Opening and closure of stoma is regulated by two 
subsidiary cells (fig. 4-26). In C. revoluta the sunken stoma is 
amphicyclic, i. e., it is surrounded by a ring of subsidiary cells 
and opens into a cavity. 

plants of Cycas are dioecious, i. 
reproductive organs occur on different individuals. Male 


e., mate and female 



Fig. 


•27 A male strobilus (cone) of Cycas at youog (early) and mature 

(late) stages of development 


s trobilus^ develops terminaHy '^ses the sum apex. 

Accordingly the stem in male plant of Cycas is ‘sympodi4jJ(fig. 
4-27). ^In the female plant the megasporophylls are spirally 

T7 Lignter, 0. 1892. ^ 

1 : 
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arranged like the foliage leaves, the growth of the stem, therefore, 
is continuous or ‘monopodial’!^ 

Megasporophjlls-^dn Cycas there does not occur a true female 



Pig, 4 28 McgasporopKylls of Cycas reooluta (After Wettstcin). 

succession, leaving the apical meristem unaffected. They appear 
like a roselt^ (6g. 4-28). Clvlegasporophylls develop when the 
plants are somewhat mature and are formed once a year. ^ Their 
number in each whorl is more numerous in comparison with the 
foliage leaves) Each megasporophyll in C. revoluta measures 
15 to 20 cm. in length; it is pinnate abov.:(fig. 4-29 & 4-3 )) and the 
lower portion bears 2 to 12 ovules (1-6 on either side). The pinnate 
portion, resembling leahets. is comparatively reduced in C. 

circinfjfilis (fig. 4-30). 

Development of Ovule— De Silva and Tambiah^ state that in 

protuberances appear on the megasporo- 

phyll superficially, while the megasporophyll itself is still covered 


1. DeSil 


va,B. L T. & M S. Tamblah 1952. 
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over by the scale leaves. The cells of these superficial protu- 
berances divide to form the nucellus. The surrounding envelope 
( = integument) arises as a ring-like outgrowth round the nu- 
cellus at the base. Afterwards, the lower part of envelope fuses 
with the nucellus while the upper grows round the nucellus and 
almost completely covers it except for leaving a narrow passage 


at the apex called the micropyle. 



Fig* ^—29 A megasporophyll 
with ovuJe of Cyecs revoluta 
(After Wettstein). 


The apex of the nucellus does 



Fig. 4 — 30 A megasporophyll with 
ovulo of Cycas tircinnalh. The inset 
M the V, S. of ovule with two 
arcbegonia (After Wettstein). 


not fuse with the envelope. It protects the megasporangium. The 
envelope, nearly 1 cm. thick in C. circimalh, consists, of an outer 
and an inner fleshy and a middle stony layer,. After fertilization 
he outer layer gets transformed into seed coat or testa (fig. 4-31). 
The outer fleshy layer is alsQ called the sarcotesta.* the middle 
stony one the sclerotesta and «be inner fleshy layer the inner sarco- 
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testa. The sclerotesta possesses 2 to 3 ridges. The inner fleshy layer 
(inner sarcotesta), composed of parenchymatous cells except 
at the apex, is consumed in the development of the ovule 
and persists as a thin papery layer. The envelope remains 
in close contact with the nucellus except at the apical region 


Archegonial Chamber Miciopylc 




Pollen Chamber 
Nucellus 

rchegonia 

Femolc Gometophyfe 
Inner Fleshy Loycr 
Middle Sfony Layer 

Oufer Fleshy Loyer 
Vosculor Srrohds 


Fig. 4—31 V. S. of the ovule of Cycas (After McLean and Cook) 



where the nucellar beak occurs. Nucellar beak is formed as an 
outgrowth of the nucellus which protrudes out in the form of 
a micropylar canal.J The epidermis of the free part of the 
nucellus possesses longitudinally elongated cells. ^nside the nucellar 
beak occurs the pollen chamberj which is formed by the dissolution 
of the cells of the beak. The ovule is supplied by a pair of vascular 
bundles at the base, one of which goes to the outer fleshy layer 
and the other to the inner fleshy layer. These further branch into a 
dozen vascular bundles (fig. 4-31). f^he ovule gets considerably 
enlarged after pollination. Now, a single archesporial cell enlarges 
and becomes pronlinent in the upper region of the nucellus; this is 
the megaspore mother cell. This cell divides meiotically into three 
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cell^m C. rumphii in a linear fashion ; the 
expense of the neighbouring 
cells and gradually acquires 
a large size. The ovule now 
has nucellus reduced to a 
thin papery layer and enclo- 
ses inside a massive female 
prothallus. Inner fleshy layer 
also becomes thin but the 
sarcotesta or the outermost 
layer remains fleshy till ihe 
end? 

Mcgaspo raniiluin. ( Ovule) - 
^/The largest ovule amongst 
the living gymnosperms 
occurs in Cycas circinnaliSy 
measuring nearly 6 cm. in 
length. Sometimes the ovule attains the 


last cell grows at the 


4“-33 L. S. of a young male strobilus of 
Cycas circinnalis. 


Fig. 4 — 32 A young male strobilus of 
Cycas citcinnalis. 

size of a hen*s egg on 
maturity. The ovule 
is orthotropous 
* and shortly-stalked. 
The surface is 
either smooth or 
covered with 
brown hair^a^in 
C- revoluta. (The 
ripe ovules are 
flesfi^ bright 

ora or red in 
col^r/ 

Male strobilu s 
( — CoD^ lt usu'^y 
develops terminal- 
ly and is surroun- 
ded by a crown of_ 
young leaves.^ 

RaoV contention 
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Apophysis 


that it is not terminal needs confirmation. The male strobilus is 
compact and solitar^oval or conical in form and woody in textur^ 
(fig. 4-32 & 4-33). ^ach male strobilus is made up of a number 
of spirally arranged microsporophylls or stamen^ At maturity, in 
some species of Cycos, it may measure up to 50 cm. in length. >i^ilien^ 

ready for shedding, the axis 
elongates and._sjaQi^apbylh ^et separated from o^ anotheT 

_IVIicrosporophyU-/^U arises as a minute out^owlh biT the axis. 
WheiTmature it is flattened and wedge-shaped. The basal narrow 

part is sterile while the flat 
distal portion is fertile^ In C. 
circinnalis each microsporo- 
phyli is 3 to 3,5 cm.Jong and 
1 .2 to 2.3 cm. broad. (The upper- 
most sporophylls mature early. 
Beyond the fertile part of the 
sporophylls is an upper sterile 
portion called apophysis) 

(fig. 4-34) ^ 

Microsporangia — These 

are borne on the abaxial 
(lower) surface of the raicro- 
spor'ophyll and are arranged in 



DEHISCED 

microsporangia 




A microsporophyu 


SORi Microsporongco 


Fig. 4 


groups of 3 to 5, indefinite sor 
(fig. 4-34). /^ach sporophyll is 
estimated to bear nearly one 
thousand sporangi^ In C. cir~ 

cinnalis their number is nearly 700 and they lie on either side of a 


. . -34 A fnicrosporophyll with 

microspo: angia of Cycas eircwfiflts 
arranged in the (orm of sori 
(After Engler & PrantI). 


2 


vine oeveiopmcui uuvi ^ i 
according to SmitW.Cthey are formed from a group of superficial 

initials These initials divide to form wall cells and primary sporo- 
eenous cells Tapetum, for the nourishment of sporogenous cells, 
rvelops later. ^he sporogenous cells divide further and form 

Tac-hke s.rncluresjvitl^a sh ort stout stal^ Lo^ _o^v^d^ 

1. Smith, F. G, 1907 

2. Rao, L. N. 1961 


CYGADALES 


59 


(the sporangial wall in £>cirvTnmfUs is 5 to 6 cells thick and tha 
some of the cells at its anterior end get modilied and behave like 
the-annulus of a ffern, The sporangium dehisces from thi^ace to 
release the pollen ^ains or microsporgi (fi^4-35 A to C). 

GAMETOPHYTIC GENERATION— &he microspore mother 
cells, formed inside the raicrosporangia, and megaspore mother 

cells formed inside the m’egasporangia (ovules), 

represent the last stages of the sporophytic gene- 
ration. Both micro- and megaspore mother 
cells divide reductionallv or mciolically, inside 
the micro- and megasporangia respectively, pro- 
ducing numerous microspores while only 3 to 4 



megaspores, are formed only one of which 
matures while all the microspores formed 
are functional/ In C. circinnalist Rao*, and in 
C. beddomei, Shetty and Subramanyam- have 
reported 11 chromosomes in the microspores 
and 22 in the microspore mother cells. In 
Cycas the megaspores are arranged in a linear 
fashion. Contrary to the popular notion 
that 4 megaspores are formed in this genus, 
DeSilva and Tambiah^ have shown that in 



e.rumphii^t least, only three megaspores o®/ 

are formed. The megaspore at the base, A-iaterai view; B^istal 

i.e., farthest from micropyle, ultimately 

matures, while others degenwate. 

Female Gametophyte-f Megaspore is the earliest stage of the 
female gametoph'yte. It has a thick and papillate outer wall, the 
exospore and a BbriUar inner one, the endospore. The megaspore 
divides by free nuclear divisions and a large number of iuclei 
are formed. A vacuole appears in the centre, which later on gets 
filled up with a fluid which is like the coconut milk. Cytoplasm 
Mll^s round the nuclei and cell walls are laid down from the 

1. Rao. L. N. 1961. 


2. Shetty, B. V. & K. Subramanyam 1962. 

3. Dc SUva, B. L. T, & M. S. Tambiah 1952. 


60 


GYMNOSPERMS 


periphery extending towards the centre — centripetal method of 
cell wall formation. Thus the entire gametophytic tissue becomes 
cellular, each cell having a single nucleus. This tissue is now 
called the female gametophyte or endospern^. In the angiosperms 
the endosperm is formed after fertilization but in Cycas it is formed 
prior to it and also, unlike the former, there is no fusion of any 
male gamete with the secondary nucleus for its formation. It is thus 
a haploid tissue in contrast to the angiosperm endosperm which 
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Fig 4 — 36 Development and structure of the female gameiophytc in the ^cads. 
A ti C— Divclopmcnt of an archegoniura fAfter Chatnbcrlain) ; D to G— Details 
of ihc structure of the archegonium (After Engler and Prantl) ; 

H&I— V. S. of the ovule (After Chamberlain). 

is generally triploid and, therefore, it is n^re appropriate to call 
it female gametophyte than endosperm, ^fter the formation of 
the female gametophyte a few cells at the micropylar end 
enlarge and form the archegonial initial^ (fig. 4-36 A), tjhe 
nuceilar tissue above these initials disorganises and forms an 
archegonial chambef (hg. 4-36 1). (the archegonial initial divides 
transversely into a primary neck cell and a central cell ; the former 
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forms the neck and the latter the venter of the arch'^gonium. The 
neck is made up of only two celts lying side by sidej|[fig. 4-36C). 
Swamy* reports the formation of 4 neck cells in Cyc<iJ jp ^eck 
canal cells are not formed in Cycas. The central cell forms a 
ventral canal nucleus and an egg; there is no wall scparatin^thc 
two whereas in Finns a distinct wall is formed, ^he venter is 

surrounded by a nutritive jacket of cells called the 

'archcgonial jacket^ (fig. 4-36 B & D). (jhe jacket is formed by 

the gamctophylic cells. The egg of Cycas is the largest 

amongst the living plant^ It can be seen with naked eye 

and measures nearly i mm. in diameter in C. circinnalis.f^Thc 
number of archegonia may range from 2 lo S in different species 
of Cycas^ 



Tube 
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development of male gametophyte of Cycas. A & B- 
Stages of pollen tube development (After Swamy); cl^Pollen tubes dcvelon- 
mg ms.de the nucellus ( ^ f.er Swamy); U single top sha^^^^ 
antherozoid wiA spiral flagellar bands (After Webber). 

Male gametophyte-Giie microspore (pollen grain) is boat- 
shaped in fori^ (fig. 4-35), «*• • - 


. -- ® lotigitudinal slit and it repirtsents 

the begmaing of the male gametophytic generation. Each micro- 
spore IS protected by two waUs, the outer thicker, exine and the 
inner thinner, in^tin^ (fig. 4-37 A). W microspore germinates 
1 e It IS still enclosed within the microsporangium. The micro- 
spore divides transver sely into two unequal cells, a small prothallial 
1. Swamy, B. G. L. 1948. 
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cell and a large antheridial cell. The latter divides and produces 
a generative cell and a tube cell. The lube cell possesses a 
comparatively larger nucleus chan the generative cell. Microspore 
or pollen grain is shed at this three-celled stag5Xfig- 4-37A). De 
Silva and Tarabiah^ state that the microspores in C. rumphii are 
shed in April while Pilger^ found that they were shed in June-July 
in C. revoluta, 

** ^Pollinatio n Cycas the pollination is aneraophilous. The 
microspores are carried to pollen chamber of the ovule by win^f 
When the archegonium matures a mucilaginous pollination drop 
exudes out of the micropyle. To this drop, a large number of 
microspores floating in the air, get attached. With the drvine up of 
this drop pollen grains get sucked inside the pollen chambey The 
microspores in Cycas revoluta lie inert inside the pollen chamber 
for nearly four months before germinating (fig. 4-37C). 

Holttum states that in C. rumphii and C siamensis (the two 
species that occur in Malaya) there is a very penetrating odour 
when either young leaves or reproductive organs (male or female) 
start maturing. It is strongest in case of male strobili before the 
pollen grains are ripe. It has been confirmed by us in the case of 
Cycas circinnalis. This odour probably has nothing to do with 
the pollination mechanism. 

Post-poIlinatioQ changes in the male gametophyte— After the 
microspore has remained inside the pollen chamber for almost 4 
months the generative cell divides into a sterile (stalk) cell and a 
spermatogenous^ (= body) cell (fig. 4-37B). Pollen tube then elon- 
gates and grows into the tissue of the nucellus acting both as a 

' haustorium as well as a sperm carrier (fig. 4-37C). The spermatogen- 
ous or the body cell increases in size and two blepharoplasts make 

theirappearance near the nucleus. The spermalogenous( = body) cell 

ultimately divides into two sperm mother ceUs, each of which possess- 
es d blepharoplast. Finally the blepharoplast forms a large spirally 
arranged structure on which a large numb er of flagella arise. Th e 

~1. De Silva, B. L T. & M. S. Tambiah 1952- 

2. Pilger, R. 1926. 

3. Sterling, G. 1963. 
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antherozoid or sperm is now top-shaped and fully formed (fig. 
4-37D). The two sperms thus formed swim freely inside the pollen 
tube and show a rotational movement. They swim with their 
broad ends downwardsit In Zamia integrifoUa Pursh. ( Zamia 
ftoridanna var purshiana Schuster), it has been shown by Nostog 
and Ovorstrect* that the movement of sperm involves two kinds of 
flagellar actions, namely (i) a vibrating movement of individual 
flagella and (ii) a periodic roving movement of entire flagellar 
complex. Besides the flagellar movements the sperms also show 
amoeboid movement while coming out of the pollen tube. The 
size of sperms varies from 180|4 to 210(4 in C. revoluta md C. 
circinnalis. 

Fertilizatiop-^ he pollen tube, acting asa haustorium is turgid 
in nature. It penetrates the nucellar bridge ; later it bursts releas- 
ing the two sperms, and becoming flaccid^ Swamy= states thaf^n 
aperture is formed at the apex of the pollen tube for the release of 
the sperms. Q:he rupture of pollen tube also releases a fluid of 
high osmotic concentration. As soon as a sperm touches the neck 
cells of an archegonium 


Cillnry BoAd 
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it is violently sucked 
in, thus a single sperm 
reaches near the egg 
nucleus) ( fig. 4-38A . 

Swamy^ states that 

many sperms may 

sometimes reach the 
cytoplasm of the 

egg but only one of 
them fertilizes it. The 
egg nucleus is much 
larger in size than the 
sperm nucleus. The 
male and female nuclei 
(fig. 4-38D & E). Thus in Cycas the 
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Cyioptosm of Socond Sperm 
E 


in Cycas reroluta 

(Aficr Weit«ein). A to C — Preliminary stages; 

U & E— stages of gametic fusion. 

later fuse together to form a zygot^ 


sperms are carried to the 


1. r^ostog, K. St Rose Overstreet 1965. 
2 Swamy, B. G. L. 1948, 
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egg in the pollen tube. Such a process is termed ‘siphono- 
gamy’ ; it is also accompanied by ‘zoodiogamy* (the sperms are 
motile). Engler* & Prantl keep gymnosperms and angiosperms 
together under one taxon — ‘Embryophyta Siphonogama’, because 
of the presence of a pollen tube in both the taxa. 

Apomixts — This phenomenon has been reported in Zotnia 
floridana A. DC. and Cycas revoiuta Thunb. La Rue'*^ has 
demonstrated it in vitro cultures of the female gametophytes. 
The miniature plants, thus produced, were haploid, hence he inferred 
that one generation of life-cycle can be reproduced from the other 


B Suspensory 


*> 

'A 

■it* 

’1 


* V 


Suspertsor 
V bnbryo 


by direct regenerationjrom the tissue without sexual intervention. 

'^DEVELOPMENT OF THE SPOROPHYTE— fhe z^^ote 

— -"cotyledons Way be 

'v I l( 2 to 3 mm. long with,its 

/f^l V D nucleus being 0.8 to 1.0 

h} \\ H M ^ ^mm, in diameter^ 

/f: *1 /rJ' r divides by 

*1 //[I'i W § free-nuclear divisions. 

^ I; |1|1' ] Such divisions result 

Si 1 %/ I formation of 

5j r I 200to300nuclePhr^. 

* i tirt ^ -efremntjfei-howeveTTthe 

Ji fit of nuelei-foT- 

•' ' ' /I nr i c d is more than ^ 28 

c f] h^ut^never 256.^ 

■ : 1 1 (Simultaneously a vac- 

' develops in the 

llulgr Pfoembryo ^ CCntte of thc ZygOtC 

'(/t^ and the nuclei thus get 

4—39 Early stages of cmbryogeny and the pushed to the peri- 

devrlopmcfii ot embryo in Cycas ctTCtnnnlts (A ter . There are more 

PrAnth A-Youne proembryo: B-Young pnery. iu 


\Vl *'^r\ Ww 

V*/ . *-7 Ccllulgr Pfoembryo 

/ K/i 


m:\y 


SuSpCASQfS 


Embryi 


4—39 Early stages of cmbryogeny and the pushed to the peri- 
devrlopmcfii ol embryo in Cycas circmnn/ts (A ter . There are more 

Fnaler and Prantl). A- Young proembryo; B-Young pnery. i uci 

embryo with two suspensors ; L- S. of the seed the lOWer end 

r;^dT.'p"nZV F A^e,„br;o^‘’w": .w“o"*fuUy of the embryo than at 

developed cotyledons. 

~T. Engl-r, A. & K- Pranti 1889. 

2. La Rue, G. D. 1948. 

3. »» 1950. 

4* Rao, L. N. 1963. 
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the raicropylar end. Wall formation starts from the periphery 
to the centre of the embryo, i. e., the cell wall formation is cen- 
tripetal. After the walls have been laid down, this stage of the 
embryo is called the ‘proembryo stagej)(fiffi — 4- 39 A) . (The proem- 
bryo gets differentiated into three regions ; the uppermost region 
near the micropyle is called the haustorial region, the middle 
one the suspensor and the lowermost the embryonal region. 


Several archegonia in an ovule may get fertilized and several 
embryo's along with their suspensors may be formed but only 
one embryo matures ultimately. The suspensor elongates rapidly 
and pushes the embryonal region deep into the endosperm. Rapid 
elongation of the suspenso^ results in their getting much coiled 
and twiste(y(fig. 4-39C&D).CThe suspensor of the successful embryo 
is made up of th^ coiled suspensors of all the embryos in an 
ovul^(% 4-3 9 0)1 The embryo takes about an >ear for its full 
development. This may happen while the seed is still attached to 
the plant or the maturation may be completed after the seed has 
fallen to the ground. Coleorhiza which partly develops from the 
suspensor is the first to make its appearance at the raicropylar end 
of the embryo. It becomes hard on maturity. At the basal end 
of the embryonal region develops a cylindrical stem apex, the two 
cotyledons in the form of minute protuberances arising laterally. 
Later the cotyledons enlarge and enclose the stem apex in between 
thei^tfi g . 4- 3! >F ) .CRoot in the form of the radicle develops quite 

IateyTh»^^««^embt^}s-^tfa4glM-and_the-l,ypoeotyl--«^ite 

'•“y at right angles 
CQtykdons^_Schast£iJ_iji_a_iew — abnormal embryos of 
C.^W,5iojuul one-^f_thretr-i:trtylethnrr^^ records 
iBatan^eminequaHiotyled on s in C. urc rnmfh^ADa. ( - C. mada- 
^cattouir Miq^/As the megasporangium is fully covered over 

. ° aa** as the gametophyte does not protude out of 

tt, t^ structure is regarded as a true seed^ 

'fT^'lHIlof-SSeih-^he mature seed of Cycas is fleshy, red, 

te^ whieh r a“<='°sed .^ a thick coat called the 

I^^J^ rmed from the oiiter l ayer of the envelope which 

I. Schusier,J. 1932* 
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Circinate Vernation 


now becomes so^ has a sweet taste and 

pleasant odour. This attracts birds and animals which help in the 
dispersal of the seed. Inside the testa, shrivelled nucellus, endo- 
sperm and a straight embryo are present^ 

^^ant and Nautiyal^ observed seven different membranes in the 
seeds of C. beddomei^ C. circinnalis, C. pectinota and C. revoluta^. 

Two of these surround the envelope 
on the outer and inner sides, a third one 
shows the impressions of the vascular 
strands, the fourth covers the nucellar cap 
and the rest three surround the megaspore, 
the egg and the embryo respective!}^ 

(jhe seed falls to the ground and 
needs some resting period for germination 
into a seedling) De Silva -and Tambiah- 



statc't “There — is— a— further "peritKt of 
physiological immaturity as the seeds do 
flot,g£rminate fof-a-4ong-ttme after 

the embryo is fully formed”, (rhe coty- 
ledons do not come out of the seed during 
germination, as they are haustorial in nature, 
but their bases remain exposed, hence the 
seed germin^ion may be said to be epigea}; 

^'he radicle after piercing the 

coleorhiza emerges ouy of the micropyle 
to form the primary root; the plumule 

develops into a shoot, later forming a pinnately divided leaf. It 
is at this stage that lateral rootlets arise fwm the hypocotyl. 
They become swollen and develop into coralloid rooty Tlte-young 

leaf-shawsT:iTchiatc--vernattoir-tfigr-4-40). No w^the Tftleorhiza 

dries .and becomes papery. Usually several weeks pass before 
the fi rqn ^ a f '■'"‘■rg e.s. The first crown of leaves is borne after 

severy years of growth of the plantj 


Fig. 4-40 A young seed- 
ing of Cyeas btdiomei 
(After Lubbock) 


1. Rao, L. N. 1963. 

2. Pant, D. D. & Nautiyal 1953. 
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Stages Id fertilization and seed maturation— De Silva and 
ranibiab* studied the life-history of C, rumphii and observed that 
it takes 3 years for its completion. The different stages as noticed 
by them are summarized 

First Year 


Visibility of male strobili and tips of megasporopbylls. 
Development of ovule and the formation of female gameto- 
-March 


Maturation of male strobili and megasporophylls.— April-May. 


Pollination and the pollen tube formation. 

Division of generative cell into a sterile cel! and 
genous cell. 

Second Year 


— May. 

a spermato- 
—July, 


Breaking up of the floor of pollen chamber. March 

Rotation of blepharoplasts. —December. 

Spermatozoid formation and fertilization. June. 

Embryo development. -November. 

Third Year 

Dropping of seed from mother plant. January. 

Differentiation of cotyledons. —March. 


ECONOMIC IMPORTANCE-Apart from its ornamental 
value for which Cycas is planted in gardens, it is cultivated exten- 
sively ,n Japan as a source of -sago’ which is prepared in the 
following ways : — 


After the removal of the bark the trunk is cut into thin 
discs, which are then dried and finally ground. Later, 

water is now 

added and it is then allowed to stand. The starch settles 
down and the clear upper fiuid is drained ofif. The starch 

in the form of paste is rolled between boards which give 

It a characteristic round shape. It is then dried and sold 
the market as ‘sago*. 


1 . 


DeSilva, B. L. T. & M. S. Tambiah, 1952. 
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Hill* states that the starch paste is passed through sieves, 
which give the round shape to the pellets. These are 
then dried and sold in the market under the name *sago’. 

Sago can also be obtained from the seeds which contain 
about 31% starch besides some harmful glucosides, which 
can be removed by repeated washing with water*. The 
flour of seeds is termed ‘Indum podi* in South Malabar 
and is used in the preparation of cakes and porridges. 
Seed-kernel is also of food value. In Assam, Malaya, 
Indonesia, etc., the young succulent leaves are cooked 
as vegetables. C. rumphii yields a kind of gum. 

RESEMBLANCES WITH OTHER GYMNOSPERMS-Cjca^ 
like most gymnosperms possesses, conjoint, collateral and open 
vascular bundles. The phloem has no companion cells and the 
xylem has no vessels. The female gametophyte is reduced and is 
retained within the sporophyie. It is also completely dependent on 
it. Th; sporophylls are aggregited through, only in the male 
strobilus. Pollen tube develops inside the pollen chamber. Arche- 
gonia have no neck canal cells. Neck is reduced. Proembryo is 
formed and the sU'pensor is formed for helping the procmbryo to 
obtain nourishment during its development. Endosperm develops 
before fertilization. 

RESEMBLANCES WITH THE FILICINEAE (FERNS)-OrflJ 
in its structure and life-history retains certain primitive characters, 
these are similar to those of ferns. Stem in the young stage is 
underground and subterranean. Leaf-bases, similar to tree ferns 
are present. Young leaves are circinately coiled. Sporophylls 
are leaf-Iike. Sori are present on abaxial or lower surface of the 

« microsporophylls. Development of microsporangia is eusporan- 

giate. The output of raicrospores (pollen grains) is enormous. 
Sperms are multiflagellate and motile and fluid is stiU essential 
for fertilization. 

1. Hill, A. F. 1951. 

2. Wealth of India 1950 : 409-410. 
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Chapter 3 

Cfnkgoales 


^he ginkgoales include two families, the Ginkgoaceae and the 
Trichopityaceae. The only living species Ginkgo biloba Linn, is rep- 
resented by five varieties^ viz., G.biloha var. aurea (Nelson) Beisson, 
G, biloba var. fastigata Henry, G. biloba var. heiniata Carri^re, G. 
biloba y^r. pendula Carri^re and G. biloba var. variegata Carriere.f 
j The Ginkgoales originated in the Palaeozoic and had a world- 
wide distribution in the Jurassic. Leaf genera like Cinkgoites 
Seward and Baiera Brapn have been collected from the upper 
Gondwanas of India. / The most common species of the gentra 
occurring in India were Baiera indka Lele, Ginkgoites crassipes) 
Feistm., G. lobata Feistm, and G. feistmantelli Bose & Sukhdev. 

The only living species is mostly confined to the eastern part 
of China and Japan and is planted near temples by priests in these 
countries. Ih^Ginkgo plant is also widely cultivated in the gardens 
in Europe and America, j In India a few cultivated trees arc found 
in the hills. ‘Because of the presence of a number of primitive 
characters and because of its long geological record. Ginkgo is 
sometimes called a ‘living fossil/ 

DISTINGUISHING FEATURES-/^he order is characterized 
by the presence of large trees possessing dimorphic shoots.) Wood 
IS compact and pycnoxylic resembling that of the conifers. Leaves 

are large and leathery, they are deeply divided and have dicho- 

tomous venation.CThe male sirobili are axillary in position. Ihey 
are unbranched, c^tkin-like. with a main axis and lateral stamens 

or microsporangiophores Each microsporangiophore bears 2-12 

pendant microsporangia.' (Vhe female reproductive organs or 

ovules are borne on peduncles arising in the axils of leaves. The 

peduncle bears usually 2 but rarely up to 10 terminal ovulesVale 
gametes are motile and have spiral flagellar bands as in^Cyco^. 
\Seeds are large; they have an outer and inner fleshy and the middle 
jHony layers which are derived from the ovular envelone 

I. Dalhmorc, W. & A. B. Jackson isS! ^ 
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Fig. 5—1 Uabii ot Ginkgo biloba (After Wilson & Loomis). 

cultivated for its edible seeds and is also grown as an ornarnental 
plant (fig. 5-1), The bra nche s are dimorphic, i . e., long and dwarf 

1. Spornc 1965 : 165. 


Classification — T he order has been divided into two 
families, viz., the Trichopityaceae and the Ginkgoaceae Engler*. 
The former includes a single fossil genus Trichopitys Saporta while 
the latter includes seven genera namely, Sphenobaiera Florin, Gink- 
gaities Seward, Bairera Braun., Arctobaiera Florin, Windwardia 
Florin, Eretmophyllum Thomas and Ginkgo Linn. 

GINKGO Linn. 

SYSTEMATIC POSITION— 

Order — GinkgoaUs 

Family — Ginkgoaceae 

Genus — Ginkgo Linn. 

MORPHOLOGICAL FEATURES— CmArgo biloba commonly 
called the ‘Maiden-hair tree*, is a tall and branched tree 
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(spur) shoots occur as in Pinus. The long shoots elongate rapidly 

while the dwarf shoots grow rather slowly. The dwarf shoots 

possess a crown of leaves above and leaf*scars below. These, 

because of their active growth, 

may develop into long shoots 

or the long shoots may remain 

dwarf. Ginkgo trees possess a 

long taproot which penetrates 

deep into the soil. 

The leaves of Ginkgo 

biloba are petiolate and large 

while the scale leaves are 

small. The foliage or photo- 

synthetic leaves arc highly 

variable in shape. For instance, 

leaves on dwarf shoots or 

spurs may be more or less 

entire like those of the fern 

Adiantum, while the leaves 

which arise on the long shoots 

are deeply lobed and generally split into two, hence the specific 

Epidermis *biloba* (fig. 5-2). Leaves 

which arise at the apex or on the 

long shoots of the first year or of 
the seedlings are more deeply lobed 
and may also possess secondary 
lobes. Venation of the leaves is 
dichotomous (fig.5-2). Leaves arc 
shed in autumn and prior to 
shedding their colour turns 
golden-yellow. 

HISTOLOGICALFEATURES 

— — Ginkgo possesses 

small centrally situated pith, sur- 
young dwarf shoot Tounded by a ring of cndarch Strands 

oi OtnAifo Woia with secretory canals in c • ■ , 

the cortex and a ring of oscular farming SlphonostcllC vascular 
bundles around the pith. Cylinder (fig. 5-3 & 4). Mucilage 
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P«riderm 


Cortex 

Secretory 

ccU 

Secondary 

Phloem 


Secoi^dory 

Wood 


( =secretory) canals, tannin cells and crystals of calcium 
oxalate occur widely distributed in the pith as well as in the cortex. 

The tracheids of secondary wood pos- 
sess one or two rows of bordered pits 
on their radial walls. In between the 
bordered pits occur the crassulae and 
trabeculae which cross the lumen ofthe 
tracheid. The long and dwarf shoots 
differ histologically from one another 
in the following details : 

The long shoot has less of pith and 
cortex, the secondary wood is 
harder and more developed (fig. 
5-4 and the xylem rays are shor- 
ter (fig. 5-5). The dwarf shoot, 
on the other hand, has a greater 
development of pith and cortex 
and has many more mucilage 
canals (fig. 5-3). 



Xylem roy 


Pfimory Xylem 


I jg. 5 — 4 T. S. of a long shoot of 
Ginkgo bil ba with secondary 


growth. 

The veins of Ginko leaf are accompanied by a small number 


of reticulate transfusion tra- 
cheids. Distally the water con- 
ducting elements may be re- 
placed by a few short pitted 
tracheids. The vascular bundle 
of the vein is endarch, it has a 
few large cells filled with brown 
contents both below and above 
it (fig. 5-6). Stomata, sunken 
in pits, are distributed on both 
the surfaces of the leaf*. The 
petiole is supplied with a pair 



Fig. 5—5 T. L. S. of the secondary 
wood of biloba with 

xylem rays. 


of endarch vascular bundles. 

The root of Ginkgo is usually diarch, but sometimes it may 

be triarch. Tannin and s tarch occur in abundance withm t e 
1. Kanis, A. &. W. K. H. Karstens 1963. 
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parenchymatous cells. Endodermis is distinct in the beginning 

but may not remain so at maturity. The mature roots have 
annual rings, 

LIFE-HISTORY 

The trees of Ginkgo are dioecious. The male and the female 

strobili occur on dififerent plants and they are in many ways quite 
primitive. ^ m 

Male reproductive organs— The male strobili of Ginkgo arise 

on the dwarf shoots (fig. 5-7). It consists of a central axis sur- 
rounded by a large number of spirally 
arranged microsporophylls or micro- 
sporangiophores. Each microsporo- 
phyll bears a ‘hump* containing 
a mucilage sac and two pendant micro- 
sporangia. The development of mic- 
rosporangia is of eusporangiate type. 

The sporogenous cells by repeated divi- 
sions form the microspore mother cells* 
these divide meiotically to form spores 
or pollen grains. Microsporangia 

dehisce through a longitudinal slit. » 

Femal^ep^ductive orgaos-From the axils of the scale leaves 

arise long stalks or peduncles 
which bifurcate apically. Each 
bifurcation usually bears a 
single ovule or megasporan- 

8*“®* Out of the two 
urobiluj sessile ovules, borne on a 

1 * ^ one may abort ear- 

Rarely there may be 3^ 

4, or more ovules on each 

peduncle. It was at one time 

thought that each ovule had 

probably arisen on a mega- 

sporophyll, and that several 

megasporophylls fuse toge. 



lylem 


9 

W^totylcrt, 


T.S. ofa leaf vci 
oi Ctnkgo bileba (After Seward 



Leov^i 
Mole 


A ' ^1?' dwarf shoot of Ginkgo 
btiobo with male strobiU and a clufter 

of leaves (Alter Foster and Gifford). 


ther at tT,. K r megasporophylls fuse toge- 

ther at the base to form the peduncle. Propounders of this 
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view regarded the collar (fig. 5-1 ID), a structure that surrounds the 



ovule, as a modified lamina. This 
theory of foliar nature of peduncle 
has recently been discarded. It is 
now believed that the peduncle is 
a modified shoot which bears 
ovules at its apex. 


Intine 


Tube Cell Generotivc Cell 


Exine 



First Protholiial CcHs'\ 
Second Protholiiol Cell 


The ovules, during their deve- 
lopment, break through the bud 
scales and pollination may take 
place while the ovules are immature. 
Each ovule is surrounded by a three- 
layered envelope similar to that of 


Fig. 5 — 8 Early stages of the deve- 
lopment of male gametophyte of 
Ginkgo biloba (After Chamberlain) 
A — a pollen grain with incomplete 
exine, first protballial cell and 
inner cell; R— a pollen gr«in with 
first and second prothallial cells; 
C — a pollen grain with prothallial 


Cycas. Megaspore mother cells be- 
come prominent in the nucellus; 
they divide meiotically to form 
four megaspores arranged in a 
linear fashion. Out of the 4 mega- 


cells and dividing antheridial 
initial; D — A pollen grain at the 
shedding stage with two pro- 
tballial cells, generative cell and 
tube cell, first prothallial cell is 

aborting. 

spores usually the lowermost one 
or rarely two, are functional. 
Cells at the apex of the nucel- 
lus form a conspicuous struc- 
ture called ‘tent pole’(fig 5-llB). 
The nucellar beak and pollen 
chamber are like that of Cycas» 
Ovules are surrounded by a 
collar (fig.5-1 ID). A pollination 
drop exudes out of the micro- 
pyle to catch the pollen grains 
which are floating in the air. 



Fig. 5 — 9 A dwarf shoot of Ginkgo biloba 
with female reproductive organs and a 
cluster of leaves (After Foster & Gifford). 


GAMETOPHYTIC GENERATION— The microspores or 
pollen grains (=the male gametophytes) germinate ^whilc still 
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enclosed in the microsporangium. The spore divides, a small 
prothallial cell is cut oflf (Eg. 5-8A)aad the larger cell divides again 
to form a second prothallial cell and an embryonal (antheridial) 
cell (fig. 5-8B). The first prothallial cell disintegrates soon while 
the second one persists. The embryonal (antheridial) cell divides 
to form a tube cell and a generative cell (fig. 5-8D). The micro- 
spores are shed at this four-celled stage (i.e., when they possess 
2 prothallial cells— one developed and the other degenerated, a 
generative cell and a tube cell). Each microspore has two walls. 


the outer exine and the inner 
intine but the exine does not 
cover the spore entirely (fig. 5-8). 

The microspores are carried 

by wind and ultimately reach 
the pollen chamber where they 
germinate further. The intine 
protrudes out to form a pollen 
tube (fig. 5-10). The generative 
cell divides to form a sterile cell 
and a spermatogenous cell. 
Blepharoplasts, as in Cycas, be- 
come prominent. Spermatogen- 
ous cell then divides to form two 
motile sperms possessing spiral 
bands of fiagella as in Cycas 
(fig. 5-lOC). 

The functional megaspore 
representing the first cell of 
female gametophyte is elongate 
in form in the beginning, but 
becomes spherical later. Prior to 
pollination it undergoes free 
nuclear divisions as in Cycas, 
Wall formation starts after 13 
free nuclear divisions have taken 


Prothallial Cell 

Generative Cell 
?j^^^^Tube Cell 

A 

Remains of 

Pollengrain 
ProthoMial Cell 



Mal<^ Cells 


Flogello 



Spiral band 


Body of 
Sperm 


Fig, 5 — 10 Development and the 
structure of male gametophyte 
ot Ginkgo biloba. A&B — Stages 
of the development of male 
gametophyte (After Hirase) 

C-a sperm (After 
Shimamura). 


place. The number of free nuclei may be up to 8,000. Laying 
down of walls begins from the periphery and it proceeds towards 
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the centre, i. e., the growth is centripetal. After this the accumu- 
lation of starch, lipids and lipoproteins in the gametophytic 
tissue, starts. 

Archegonial initials become recognisable as early as the end 
of June in France*. Usually two or rarely three archegonia 
develop towards the micropyle in each female gametophyte 
(fig. 5-1 IB). Each archegonium possesses a short neck made up of 
only four cells and a small venter possessing a central cell. The 
central cell later forms an egg cell and a ventral canal cell separated 
by a wall from the former (fig. 5-11 A). In Ginkgo the archegonial 
chamber (fig. 5-llB) is like a crevice while in Cycoj it is cup- 
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Fig. 5 — 11 Development and the structure of the female gametophyte and 
embryo in Ginkgo biloba A — L. S. of an archegonium (After Favre-Duchartre); 
B — L. S. at the apex of ovule showing a raised column like structure the *tent 
pole* (shaded) and archegonial chamber (After Hirasc); C — L. S. of the embryo 
(After Sprccher); D — L S. of the ovule showing nucellar beak, collar and enve- 
lope (After Coulter & Chamberlain); E — L. S. of the ovule, diagrammatic, 

. modified from Sporne. 


shaped. The female gametophyte is said to possess abundant 
chlorophyll. Prior to fertilization the integument gets lignified. 
Pollinated ovules, if removed from mother plant, are capable of 
being fertilized. 


1. Favre Duchartre, M. 1958. 
2 Spome, K.R. 1965 : 169. 
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Fertilization— The archegonial chamber gets moistened by the 
fluid discharged from the pollen tube. The egg and the sperm have 
12 chromosomes each. Egg and sperm nuclei fuse together to 
form the zygote which now possesses 24 chromosomes. 

DEVELOPMENT OF THE EMBRYO-After fertilization, 
which may occur either before or after the ovule has fallen from 
the tree, free nuclear divisions start again and result in the for- 
mation of nearly 256 free nuclei. Wall formation then takes place 
and the embryo becomes differentiated into three distinct regions. 
The middle and upper regions are conductive and haustorial in 
nature. Stem, root and cotyledons (fig. 5-1 IC) get differentiated 
from the basal portion of the embryo. Suspensor is not formed. 
Mucilage cavities occur in abundance in the young stem and 
cotyledons. A mature embryo possesses 2 to 5 cotyledonary leaves, 
two of which are decussate while the succeeding ones are arranged 
irregularly in the seedling. 

Structure of the seed- The ovule even before fertilization may 
fall to the ground and the development of the embryo thus may 
take place there or it may take place on the tree. The seed (fig. 
5-12) is protected by 
three distinct layers 
formed from the ovular 
envelope. The outer- 
most is fleshy 
and emits unpleasant 
odour ; the middle 
layer is hard and stony 
and the innermost 
turns watery in nature. 

The female gameto- 
phyte is edible and is 
eaten after roasting. 

AFFINITIES— 

Ginkgo biloba is of 

great botanical interest 
because of the presence 
of a number of primi- 
tive as well as advanced 
characters. 



— Dworf Shoot 

Fig. 5— 12 A dwarf shoot ol Cinkgo biloba 
leaves and ripening seeds (After Foster & 

Gifford). 
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Resemblances with the Cycads — The presence of wide pith, 
cortex and a large number of mucilage ducts in stem, leaf, petiole, 
root and embryo, are characters common to both. The presence 
of mesarch xylem in the cotyledonary and adult leaves, eusporan- 
giate development of microsporangia, foliar nature of micro- and 
megasporophylls, presence of a nucellar beak, pollen chamber, 
multiSagellate sperms and free-nuclear divisions during the deve- 
lopment of the embryo are some of the characters in which 
Ginkgo resembles the cycads. Both Cycas & Ginkgo are primitive 
gymnosperms. The presence of a crown of leaves and leaf-scars on 
the dwarf shoots are features which may also be regarded as 
primitive. They have remained at the prephanerogamic stage. 

Resemblances with Pteridosperms and Cordaifales — The ac- 
cumulation of abundant reserve food material, the lignification 
of the ovular integument prior to fertilization are considered 
primitive characters. These characters are shared by Pteridosperms 
and Cordaitales. In addition fertilization and subsequent deve- 
lopment of embryo in the ovules, detached from mother plant, 
can be induced in Ginkgo, That probably also occurred in the 
Pteridosperms and Cordaitales. Because of these primitive charac- 
ters the Pteridosperms, Cordaitales and Ginkgoales are sometimes 
called Prephanerogams.* 

Resemblances with the Conifers— The presence of annual rings 
in the secondary wood of stem and root, compact or pycnoxylic 
nature of secondary wood, narrow rays, tree-like habit of the plant, 
the presence of dimorphic shoots and leaves with sunken stomata 
are the characters in which it resembles the conifers. 

The bilobed form of leaves, biseriate pitting in the trachcids, 
presence of trabeculae, crevice-like archegonial chamber, absence 
of a suspensor from the embryo, presence of a collar round the 
ovule, ‘tent pole’ and unequal size of cotyledons are important 
characters which are present neither in the cycads nor in the coni- 
fers. These charactersjustify an independent and distinct status 

for the Ginkgoales. 


I. Favre t*uchartre M. 1958. 


Chapter ^ 

Cordaitales 


Cordaitales are believed to have formed the dominant 
arborescent vegetation of the Carboniferous and the Permian 
periods. Representatives of this order have been found in 
Europe, North and South America, China, Russia, India, Australia 
and Africa. Such a distribution denotes their worldwide occur- 
rence at that time. Cordaitalean remains generally occur in the 
form of compressions. 


DISTINGUISHING FEATURES-The order includes large 
trees with monopodial habit, possessing a whorl of branches. 
Some of these are presumed to have attained a height of nearly 
30 metres. Primary wood was poorly developed, while the secon- 
dary wood, like that of the conifers, was abundant and pycnoxylic. 
Leaves were spirally arranged; they assumed different shapes and 
dimensions in different sub-genera. Trees were dioecious and 
the strobili were unisexual. Each strobilus consisted of a main 
axis bearing sterile and fertile bracts. The fertile bracts or sporo- 
phylls subtended microsporangiate and megasporangiate organs. 
Each microsporophyll bore 4 to 6 microsporangia and each mega- 
sporophyll possessed I to 4 ovules or megasporangia. The seeds 
were bilaterally symmetrical. 


CLASSIFICATION— The order has been divided into three 


families, viz., Eristophytaceae, Cordaitaceae and Poroxylaceae; 
of these, the Cordaitaceae is the best known. 

The following form genera are described : 

Stem ... Cordaites Unger., Mesoxylon Scott and Maslen. 
Leaves ... Cordaites Unger. 

Root ... Amyelon radicans Williamson 

Strobili ... Cordaitamhus Otto Feistm. {—Cordaianthus 


Seeds 


Grand ’Eury) 

... Cardiocarpus Brongn. (=^Cordaicarpu 5 H. B. 
Geinitz.) .. 
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morphological FEATVRES-Cordaites Unger, (the 

form-genus for stem and leaves) possessed a long and slender stem 

which bore spirally arranged 
T\l 1 ///I 6-1). On the basis 


Leoves 


/ 'yO 








Youn9 

vegccacive 

^Dud 




— N'.olc >trobilu» 


1/ 

Fig. 6 — 1 Portion of the stem of 
Cordaites with leaves and male inflores- 

^ ^ / A A M » A M J ^ 1? ■ k n p \ 


of the form and dimensions of 
leaves Cordaites is further sub- 
divided into 3 sub-genera viz., 
Eucor daites, Dorycordaites 

Zeil. and Poacor daites Grand 
*Eury. Eucordaites possessed 
broad leaves with a blunt apex 
while Dorycordaites possessed 
leaves with pointed apex. The 
broad leaves in these two sub- 
genera measured nearly 100 cm 
in length and 15 cm in width; 


cenccs (After Grand ’Eury). m length and 15 cm in Width; 

they were simple, strap-shaped or spatulate in form and tough 
and leathery in texture (fig. 6-1). Venation was actually dichoto- 
mous, but the branches of veins ascended so steeply that they 

Epidermis Cortex i 


Fibre strands 


Leaf traces 


Phloem 




Periderm 
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appeared almost parallel. The veins possessed I-shaped girders 
of thickened cells between them. The leaves in Poacordaites 
Grand *Eury were quite small, about 3 cm in width and 


grass-like in form. 

HISTOLOGICAL 
FEATURES — Cordaites 
and Mesoxylon both pos- 
sessed a centrally-situa- 
ted large pith which was 
characteristically discoid 
(6g. 6-4&5). This appear- 
ance was due to trans- 
verse ruptures which oc- 
curred in the pith in 
many places, leaving nu- 
merous diaphragms sepa- 
rated by empty spaces. 
Pith was continuous in 
Metacordaites Renault 



Fig. 6 — 3 T.S. of the inner part of the wood 
of Cftrdaites miehigirunsis showiog narrowing 
secondary wood wedges towards the pith, 
Prinaary wood is not distinct (After Arnold). 




and also in Dadoxylon 
zalesskyi Sahni. The 
amount of primary 
xylem was small 
as compared to the 
secondary which was 
well developed (fig. 6-2). 
Primary xylem consist- 
ing of smaller and nar- 
rower tracheids was 
situated in the form of 
patches at the apices of 
the wedges of secondary 
wood tfig. 6 2). In bet- 
ween the wedges towards 
the pith in Cordaites 
fnichigonensis occur 
broad xylem rays 
(fig. 6-3). Primary and 
secondary woods were 
not sharply demarcated. 
Except in Mesoxylon 
and Parapitys zalesskyi^ 
where the xylem was 
mesarch, the primar 
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Pith 


xylem was eadarch. Traverse* reports mesarch condition in 
Cordaites though the amount of centripetal xylem is meagre. 

The secondary wood consisted of long and slender tracheids 
possessing biseriate, triseriate or multiseriate bordered pits on 

S'condcry V.'c;>d 

Rays were simple and 
narrow, usually one cell 
wide. Some of the cells of 
the ray possessed resinous 
contents. Xylem paren- 
chyma and resin canals, 
as in the conifers, have not 
been found. 

The leaf-trace bundles 
of Cordaites resembled 
those of the cycads in their 
pseudomesarch or diploxy- 
lic nature. Each leaf was 



Locuno sepfafion (Diaphragm) 

Fig. 6 — 5 "R. L S. of the stem of Cordaites 
traversa showing lacuna and diaphragms 
in the pith (After Arnold). 


supplied by a pair of traces as in the Ginkgoales. These traces, 
however, unlike those of Ginkgo, arise from a single protoxylem 
group. 


Palisade tissue 


Hypodermal ridge 



Centrifugal Xylem 


Bundle sheath 


Phloem 
Centripetal Xylem 


g g X. S. of the leaf of Cordaites Ungulatus (After Renault). 

The leaves of Cordaites presented considerable variations in 
their internal struc ture; they poss essed thick cuticle and longi- 

1. Traverse, A. 1950. 






CORDAITALES 


Lateral 

subsidiary cell 

Epidermal cell 


83 

tudinally disposed stomata (fig. 6-7). In some species stomatiferous 
bands were separated from one another by non-stomatiferous strips. 
Guard cells were surrounded by 4 to 6 
subsidiary cells. Cuticular ridges and 
papillae have also been observed. Each 
stoma possessed 2 polar & 2 to 4 lateral 
subsidiary cells (fig. 6-7). In C. lingula- 
tuSf the palisade and spongy tissues 
were well differentiated (fig. 6-6) but in 
C. angulosostraitus,ihG%t were not diffe- 
rentiated and hence the photosynthetic 
tissue appeared uniform throughout. 

Amyelon radicanSt regarded as the 
root oiCordaites, was diarch to tetrarch. 

It consisted of a central protostele 
which was surrounded on its outer 
side by secondary xylem. Periderm 

was formed well within the cortex 
(fig. 6-8). 



Stoma 


Cordaitean trees were dioecious. 

Tfiarch primary xyLm 

J Phloem 



Secondary *ylen, 


Fig. 6— 8 T. ^ of Amydon radieanst 
the root of Cordaites (After Scott)! 


Polar "" 

subsidiary cell 

Fig. 6 — 7 Portion of the epi- 
dermis of Cordaitis with detaib 
ofstomatal structure 
(After Florin). 

LIFE-HISTORY 
The individual strobili or 

fructifications, called Cor- 
daiianthus or Cordaianthus 
were unisexual, and measur- 
ed nearly 1 cm in length. 

The male strobili pos- 
sessed a stout centra] axis 
which bore numerous sterile 
bracts and a few microspo- 
rophylls. Each microspo- 
rophyll possessed 1 to 6 mic- 
rosporangia (fig. 6-9). 
According to Delevoryas*, 
Cordaitanthus concinnus had 
a short axis, lto2 mm in dia- 
meter. It bore two rows of 
dwarf shoots which were 
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Pollen sacs 


long, possessed spirally arranged, 25 to 40 closely imbricated scales. 

The fertile scales (=mi- 
crosporophylls), situated 
distally, possessed 6 spo- 
rangia apically (6g. 6-10). 
Each microsporangium 
measured one mm. in 
length. The microsporan- 
gia were fused at the 
base. Cordaitanthus 
penjonii, described from 
France, also possessed 6 
terminal microsporangia. 

The female strobili, 
like the male ones, also 
had a stout axis which 
had a large number of 
spirally arranged bracts. 
In some species these 
strobili measured about 
30 cm in length. The bracts subtended in their axils short secon- 
dary fertile shoots, bearing spirally arranged sterile and fertile 



Filaments 


Apex of 
the axis 
with stamens 
oround it 

Sterile bracts 


Axis 


Fig. 6 — 9 Ij.S. of Cordaitanthus penjortiit the 
male repr:)ductive organs of Cordaites 
(After Renault). 


Microsporongio 


Sterile 

brocts 


Microiporophylls' 


Broct 


bracteoles (ormegaspo- 

rophylls). Cordai- 

tanthus pseudqfluiians 
possessed a few distally 
borne, elongated and 
dichotomously branch- 
ed fertile mega- 
sporophylls. Each 
raegasporophyll at its 
apex possessed 2 or more 
ovules. The number of 

fertile bracteoles in a . 

strobilus was about 4, sometimes only one was present as in 

Cordaitanthus zeilleri and C. williamsonU (fig. 6 ^ 

nucellus of the ovule remained free from the envelop 



6 — 10 Reconitruction of a portion of 
Cordaitanthus continnus with two male strobili 

(After Dclevoryas) 
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most of its length. A pollen chamber was present (fig. 6-12). 

GAMETOPHYTIC GENERATION— Not much is known of 
the gametophytes except 
that the male gameto- 
phytes or pollen grains 
(microspores) of Cor- 
daitales were globoid in 
shape and measured 
nearly 100)1 in diameter. 

Each had a thick cuti- 
nized walh exine and a 
thin inner, intine. The 
exine formed a large air 
sac as a result of its 
being free from the 
intine for a large part 
(fig. 6-13). Pollination 
was probaSly anemophi- 
lous. Nuclear divisions 
occurred during the ger- 
mination of male game- 
tophyte. 

Nothing definite is 
known about the details 



Ovule 
Shrivelled Nucellus 

lillory pedicel 
caring ovule 

Sterile brocts 


A»'> 


Bract 


Fig, 6^11 L.S. of CordditcntAiu willtamsonii, 
the female reproductive organs of CorJaitts 

(After Renault). 


of the female gametophyte. It is, however, presumed that it was 

an elongated body and 
probably it was highly 
developed. The mega- 
spore membrane was 
simple in structure 
resembling the exine of 
pteridophytic spores*. 

STRUCTURE OF 
SEED — It is presumed 

that Cordaitanthus 

( — Cordaianthus) type 



Pollen chamber 
with pollen grains 


Remains of 
nucellu* 

Archegonium 

Endosperm 


^*8* . ® ’12 L.S. of the apical portion of 
Cycadinoearpuf angurtodufunsis (After Renault). 

1. PetUt, J. M. 1966, 
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Air cavity of exine 



Cells of intcrnol covity 


Fig. 6— 13 A pollen grain of 
Cordaitanthus s0. with internal 
details (After Florin). 


inner sclerotesta, 


of strobili possessed seeds, known as Cardiocarpus ( — Cordaicarpus) 
(fig. 6-14). Cardiocarpus (the generic name given to flattened, 

heart-shaped seeds) were bilaterally 
symmetrical. They possessed nucellus 
in the centre which was surrounded 
by a two-layered envelope. Probably 
the outer layer of envelope expanded 
into an encircling wing. The basal 
portion of the seed was round or 
cordate in shape, while the apical 
portion was drawn out in the form 
of a beak (fig. 6-12). Thenucellar beak 
projected upwards into the micro- 
pyle, Cardiocarpus ( = Cordaicarpus) 
spinatus was a fairly large seed, 
almost equally long and broad. It 
consisted of five distinct layers, 

viz, outer and inner sarcotesta; outer and 
and endotesta (fig. 6-15). A few other seeds 
with doubtful cordaitalean afiBnities are : 

Kamaraspermum leeanum Kern, Codono- 
spermum olivaeforme Renault, Cardiocarpon, 

Cycadinocarpon. Diphotesta, Mitrospermum, 

etc 

Cordaitalean remains known from India^ 

Leaf-genera — Noeg^crathiopsis hislopi 
(Bunb.) Feistm.. N. stoUezkanus (Feistm.) 

Arber, Euryphyllum whittianum Feistm. 

Stem-genera — Dadoxylon bengalensis 
Holden, D. indicum Holden, /). zalesskyi 

Sahni. 

Seed-genera— furcatus Su- 
range and Lele, Samaropsis indica (Zeillar) 

Seward, S. mllleri (Feistm.) Seward and 
S. raniganjensis Sewa rd and Sahni. _ 

”"1^ Sitholey, R. V. 1963. 



Seeds 


Fig. 6—14 Portion of 
Cordaitanthus sp. bear- 
ing seeds (After Berry). 
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AFFINITIES 

Cordaitales appear to be a well-developed order of plants 
that existed far back in the Palaeozoic. They show 



certain characters which 
find parallel in some 
living cycads and coni- 
fers. 

Resemblances with 
the Cycads— The pre- 
sence of large pith and 
cortex, the internal 
structure and mesarch 
vascular bundles of the 
leaves, the general struc- 
ture of ovule and seed 


Fig. 6—15 L. S. of Cardioearput spinntust the 
stcd of CordaiUs with 5*layered envelope. 

Broken lines indicate endotesta (After 

Baxter). 


suggest affinities with 
the cycads. 

Resemblances with 


the Conifers— The arborescent habit is common to both the Cor- 
daitales and the conifers while the parallel veined leaves of 
Cordaites resemble those of Podocarpus and Agathis. The secon- 
dary wood in both is well developed, i. e.. pycnoxylic. In the 
presence of multiseriate, angular bordered pits and in the absence 
of resin canals the Cordaitales approach Araucaria. Further, 
the strobili of palaeozoic Conifers like Lebachia Florin, 

Pseudovolizia Florin, etc., are very similar to the cordaitalean 
strobili in their morphology. 


Corn ‘*°"We leaf-trace the 

Cordaitales show resemblances with the Ginkgoales. 



Chapter 7 

Coniferales 


GENERAL CHARACTERS— This order now comprises six 
families, namely, Pioaceae, Taxodiaceae, Cupressaceae, Arau- 
cariaceae, Podocarpaceae and Cephalotaxaceae. True conifers 
like Pinus, Thuja, Araucaria etc., are cone*bearing plants. But in 
Cephalotaxus and Podocarpus the cone formation in the female 
inflorescence is not apparent. Coniferales constitute the largest 
order of the living Gymnosperms*. The plants may be mono- 
ecious or dioecious, i. e., male and, female sirobili may be 
borne on the same or different plants, respectively. It is the most 
dominant and widely distributed order of the gymnosperms and is 
represented by 54 genera and 482 species.^ Amongst these, about 
30 genera are confined to the northern and the rest to the southern 
hemisphere. The plants thrive well in temperate climate. Plants 
of this order range from shrubs to gigantic trees. Some of the tallest 
trees of the world, Sequoia and Sequoiadendron belong to this order. 
Some of these may be very old attaming an age of about 4, COO 
years. The fossil representatives of the order have been collected 
from the late Carboniferous and the early Permian deposits. 

DISTINGUISHING FEATURES— The plants belonging to 
this order have the distinguishing features given below: 

They are mostly xerophytic, evergreen trees or rarely 

shrubs with monopodial growth, the stem forms the main shaft; 

lateral branches are many. Leaves are simple, narrow, needle-like 
or scaly, rarely broad, spirally arranged or opposite, 
rarely whorled, evergreen, sometimes falling in autumn 
as in ^rrrfr '^^^"^^'»"*^_ghvllotaxv is spiral, distichous or^ 

1. Coulter, J. M. and G, J- Chamberlain 1910. 

2. Hui-Lin Li 1952. 
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whorled. Leaves are solitary or in fascicles. They possess resin 
canals. Wood is dense, massive, or pycnoxylic and without vessels. 
It is made up of long tracheids possessing large uniscriate rarely 
multiseriate bordered pits on their radial walls and small wood 
rays. Wood generally possesses resin canals. Strobiii ( = cones) 
are terminal or axillary, formed of compactly arranged sporo* 
phylls. Most of the genera are monoecious e. g., Pinusy vshcrcas 
a few are dioecious, e. g., Juniperus. Female strobiii consist 
of an axis with many to a few bract scales, each sub- 
tending or fused with an ovuliferous scale. Male strobiii are 
simple. Microsporophylls (=stamens) arestalked, small, many in 
number; they are scale-like and bear 2 to 15 or rarely more micro- 
sporangia on their lower surface (fig 7-1). Connective may often 
be prolonged as an appendage. Microspores ( — pollen grains) 
are numerous, winged as in Pinus or unwinged as in Taxodium. 
Megasporangia ( = ovules) are eusporangiate and are diverse in 
appearance. Their number varies from 2 to many rarely only 
one ovule may be present on each megasporophyll. Female 



Finus 



Cupressus 



Cedrus 


7—1 Microsporophylls and iricrosporangia in some conifers (After 

Chamberlain). 

gametophyte is "much reduced, it is retained inside the megaspo- 
rangium and remains completely dependent on the sporophyte, 
Male gametes are nonflagellate. Seeds are winged or unwinged, 
endospermous, nut-like and enclosed in a testa. Polyembryony 

is prevalent. Cotyledons are two to many and germination is 
epigeal (fig. 7-33). 

CLASSIFICATION — Coulter and Chamberlain* divide the 
Coniferales into t wo families namely the Pinaccaeand the Taxaceae 

L Coulter, J. M. and C J. Chamberlain 1910. 
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Each of thase is further subdivided into different subfamilies as 
below : 


I 

Pinaceae 

I 


Abietlneae Taxodineae 


V 

Podocarpineae 


Goniferales 

4' I Families I 


'I' 

Taxaceae 


4> 1 ^Su bfamilies I 

I “4, 

Cupress i neae Ara ucarineae 

I Subfamilies I 


4^ 

Taxineae 


Pilger^ divides the order Goniferales into seven families 
namely, Taxaceae, Podocarpaceae, Araucariaceae, Cephalotaxaceae, 
Pinaceae, Taxodiaceae and Cupressaceae. Chamberlain^ includes 
only six families within the Goniferales; all the above families 
are listed there except the Gephalotaxaceae which finds no place in 
his classification. 


Hui-Lin Li^ has divided the conifers into two separate 
orders namely the Taxales and the Finales. His classification is 
given below : 


Conifers 

4^ 


I Orders I 


4' 

Taxales 


I Families I 


4^ 

Pinales 

4^ 


4, ^ 4, 

Cupressaceae Taxodiaceae Araucariaceae 

fGcncra-2 1 


/"Genera 20"! f Genera-lO ") 
(^Species I32J (.Species-16 to 17J 


l.Spccics-40 J 


Aibetaceae 
f"Genera-9 ") 
(_ Species-166 J 


I Subfamilies | 


Callitroldeae 
("Genera-l 11 
(_Specics-42j 


Cupressoideae 
fGenera-9 ") 

L Species-90 J 


Cephalotaxaceae 
rGcnus-1 1 
[^Species-6 J 

1. Pilgcr R. 1926. 

2. Chamberlain, C. J. 1935. 

3. HaULin Li 1952. 
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Podocarpaceae 
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DISTINGUISHING FEATURES OF THE FAMILIES— 

1. Pinaceae ( = Abietaceae), It comprises ten genera including the 
newly established genus Chun & Kwang. The family is 

represented by large resinoustrees (fig. 7-2&3). Branchesare mostly 
whorled» leaves are evergreen but deciduous in Larix. Leaves arc ^ 
stiff, acicular, or linear, they are distichous or arranged in usually 
1 to 7 foliate fascicles (fig. 7-4 & 5). Plants are monoecious. Micro- 
sporophylls or stamens and ovuliferous scales are spirally arranged 
round a common axis in the strobilus. The strobili arc terminal 
or lateral, ^inale’^cones possess numerous microsD Orophvlls each 
possessing two microsporangia (fig. 7-1), with numerous two- ( i 
winged pollen grains. Female _cones _with numerous, spiraUy 
arranged bract-scales, bearing on their upper surface the more . ] 
or less free ^o^liferous sca le; ovules two, ana lxopous. Seeds 
mostly unilaterally winged, cotyledons 3 to 18. The genera 
included in the family are Pinus Linn. (80 spp.), Tsuga Carr. 
(lOspp.), P/cea Diet (10 spo.), Miller. (40 spp.), CeJrus 
Trew. (4 spp.), Larix Miller (II spp)., Pseudotsuga Carr. (6 spp.), 
ATe/e/eer/a Carr. (4 spp.), Pseudolarix Gord. (I sp.) and Cathaya 
Chun & Kwang (I sp.) 

2. Taxodiaceae — It is represented by large trees, leaves are 
narrow , scaly, needle or sickle-shaped. Plants are monoecious. 

Male flowers are either solitary, terminal or lateral, capitate or 
in panicled inporescence, Microsporophylls are short, stalked and 
bear2to8 microsporangia. Dehiscence of anthers is by longitudinal [S 
slits. PoUe^n grainy are uuwinged. Female cones solitary, ( 

terminal; bract and ovulifSous scales numermjs. ^rlly or 
completely fused; ovu jes 2 to 9, erect or a natropous. Female strobili ( ^ " 
are globose or ovoid ; leathery or woody. Seeds are dry with woody ' 
shells, they are winged but wings are short. Cotyledons are 2 to 9. 

The family includes 9 living genera namely, raxot/ZumRich. (3 spp)., 
Crytomeria D. Don (I to 2 spp.), Sciadopitys Sieb. etZucc. (1 sp.). 
Sequoia EndI.(I sp.) MetasequoiaUW'x (! sp.), Cuminghamia R. Br. 

(2 spp.), AtUrotaxis D. Don (3 spp.), Glyptosirobus Endl. (1 1 spp.) 
and Taiwania Hayata (2 spp.), this isrepresented in northern Burma 
by T. cryptomerioides Hayata. A species oi Sequoia viz., S 
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gi^^an!eu}tt (Lindl.) Buchholz has been raised to generic rank, 
Sequoiadendron^ Buchholz, 

3. Cupressaceae — Tt is represented generally by small trees 
or shrubs. Leaves are small, scaly, decussate or in whorls closely 
appressed to the branches. Cone-scales opposite or in whorls 
of three. Female strobili are small i i size. Ovuliferous scales 
are thin or fleshy. Stamens possess short filaments7cbnnective is 
prolonged into a peltate scaly appendage. Anthers 2 to 6 are globose 
in form. Ovules are few to many, sessile and orthotropous. They 
are borne at the base of the scale, or I to 3 ovules may be terminal 
as in Juniperus. The ripe cone consists of wocdy or fleshy scales. 
Seeds are solitary but sometimes they are numerous. 

The family includes about 21 genera, the chief being Callitris 
Vent. (16 spp.), Widdringtonia Endl. (5 spp ), Thuja L. (5 spp ), 
Libocedrus Endl. (5 spp.), Cupressus L. (15 to 20 spp)., Chamoecy- 
paris Spach. (7 spp.) and Juniperus L. (60 spp.) Others are Tefra- 
clinis Mast (1 sp.), Actinosirobus Miq. (2 sp.) Neocalliiropsis 
Florin f — Callitropsis Compt.) (1 sp)., Fitzro) a Hook. f. (1 sp.), 
Diselma Hook. f. (1 sp.), Thujopsis Sieb. & Zucc. (1 sp.), Fohicnia 
A. Henry & H. H. Thomas (1 to 3 spp.;. 

Cupressocyparis Dallimore is a hybrid between Cupressus 
macrocarpa and Cliamaecyparis nootkatensis. Papuacedrus Li has 
3 spp., Octoclinis F. Muell— 1 sp., and Heydcr’a C. Koch. — I sp.; 
Arceuthos Pi.ni. Sc Kotschy — 1 sp. {^Juniperus drupacea Lab.), 
Pilgerodendron Fiovin \ sp.,( = Libocedrus tetragona Endl.), and 
Biota Endl. 1 sp. ( = Thuja orienialis L.) 

4. .Araucariaceae— It is represented by tall trees possessing 
awl-shaped leaves. Strobili are large in size. Scales are 
completely fused with sporophylls. Several prothallial cells occur 
in the male gametophyte and several archegonia occur in the female 
gametophyte. The family includes only two genera namely, 
Agathis Salisb. (20 spp.) and Araucaria Jussieu (20 spp.) 

5. Podocarpaceae -It is represented by evergreen shrubs or 
large trees possessing elliptic, linear or lanceolate, spirally arranged 


1, Buchholz J.T, 1931 
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leaves which vary in sizi from small scales to nearly 30 cm in 
length. Young leaves are red in colour. Plants are dioecious. 
Male strobili are cylindrical, dense, catkin-like, axillary or ter- 
minal in pDsition. Stamens are numerous and Hlamcnts short. 
Pollen grains are two-wing:d. Ovules are stalked or sessile ; 
axillary or terminal in position with usually 2 to 4 scales, one or 
two of which bear in their axils a fertile scale called the epimatium 
which jj folded over and partially fused with an inverted ovule 
Seeds are round or ovoid. The family includes 7 genera namely, 
Aemon yte Pilger (3 3pp.), Podocarpus L Herit ex. Pers. (70 spp.), 
Dacry sliutit Solander ex Forst. (20 spp.), Mi^qcjichiy^s Hk. (1 sp.). 
Phero ph'jjra Archer (2 spp.), S i^egoihaea LinJl. (1 sp.) and 
Ph ^ocl a dus R ich. (6 spp.). Pojocarpus^ imbricatus R. Br. and 
P. neriifolius D. Don. occur in Burma and Eastern Himalayas 
while P, wjllichia'ius C. Presl( = P. latifolius Wall.), occurs in 
Assam and South India. 

6, Cephalotaxaceac— It is represented by shiubs or small 
dioecious trees. Ovuliferous shoot is quite reduced. Leaves are 
similar to Taxus in their linear, flat shape and alternate arrange- 
ment but possess resin canal on the lower side. Male strobili 
6ton, forming globose heads; they arise in the axil of membranous 
bracts and are supported by a single involucre of imbricating 
scales. Female strobili are small and pedunculate. Each strobilus 
consists of 6 to 20 scales, each of which possesses two ovules at the 
base, but only one seed appears to be enclosed in a fleshy cup. 
Seeds are larg. in size. The family includes a single genus 
Cephalotaxus Siebold and Zucc. with 6 species two of which 

namely, Cephalotaxus mamiii Hk. and C. griffithii Hk. occur 
in Assam. 

The conifers have a long and continuous history extending 
from the carboniferous to the present day. At one time they 

formji the dominant vegetation of the earth. The fossil conifers 

are usually kept in distinct families indicated below ; 

(i) Lebachiaceae with Lebachia (6g. 7-24 A), Ernestiodendron 

(ng. 7-24 B), Walchia, ^Valchi^slrobus, CarpenUeria and 
Buriadia 
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(ii) Voltziaceae with FseudovoUzia (fig. 7-24 H), VoltziopsiSy 
Ullmannia (fig. 7-24 F & G) and VoUzia 

(iii) Paiissyaceae with Palissya and Stachyotaxus 

(iv) Ch^irolepidaceae with Cheirolepis. Indostrobus and Tak- 
liostrohus etc. 



Fig^ 7 2 A forest of Pinuj siliestrii. (Photo: Singhal) 

Some of the coniferous remains, known from India, which 
can be satisfactorily placed in some of the families indicated above 
are : Brachypityllum Brongn., Pagiophylliim Heer, Mohgaosirobus 
Prakash, Coniles Sternberg. Coniferocauhn Seward and many 
wood-genera such as Dadoxylon, Barakaroxyhn, Prololaxoxylon 
etc , and the leaf-genus Desmhphyltum ( = Podozamites) indicum. 
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PINUS Linn. 

SYSTEMATIC POSITION— 

Order — ConiferaUs 
Family — Pinactae 

Genus — Pinus Linn, 

GEOGRAPHICAL DISTRIBUTION OF THE INDIAN 

SPECIES— the most dominant genus of the order, is repre- 
sented by nearly 90 species. It forms an evergreen forest belt in 
the north temperate and arctic regions (fig. 7-2). It is widely 
distributed in the hills and is an important source of timber and 
resin. In India the genus is represented by six species which 
grow in the North-East and the North-West Himalayas (fig. 7-3). 
Pinus does not grow in wild state in the hills of South India 
but is planted there. The only conifer that occurs in South 
India in the wild state is Podocarpus wallichianus, 

DISTINGUISHING FEATURES-On the basis of the num- 
ber and the form of leaves the six species of Pinus which occur 
in India can be identified as below*: 

Leaves in fascicles of 5. sometimes slightly bent (fig. 7-5) 

P. walUchiana. A. B, Jacks. 
Leaves in fascicles of 5. usually sharply bent 1.3 cm to 
2.0 cm from base p, armandi Franchet 

Leaves in fascicles of less than 5 
Leaves 3 in a fascicle 
Leaves stiff, less than 15.5 cm long 

, P- gerardiana Wall. 

Leaves soft more than 15.5 cm long 

Wings four times as long as the seed; 

Umbo of scales with a prominent beak 

Wings about the length of the seed; ^ 

Umbo of scales with a prominent 

T , ... P. roxburghii Sarg. 

Leaves only 2 in a fa^nVl^ « * »»wai 3 . 

uiy at in a tascicle ... merkusii Junghet 

DeVriese 


1. R«ieada,M.B. and K.G.Sahni I960. 
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Characters of the six species of Finns that occur in India are 
enumerated below: 

(1) P. gerardiona {i\\Q QhWgozz^ pine) possesses needle-like 
leaves, 3 in number. Tree attains a height of nearly 18 metres. 
Seeds measure about 2.5 cm in length and are edible.- These are 
commonly called ‘chilgoza’. The wing of the seed is small and 
deciduous. It grows in Kashmir, West Pakistan and Afghanistan 
andKinnaur District of Himachal Pradesh, where rainfall is scanty 
but winter snowfall is heavy. It grows luxuriantly between an 
altitude of 2100 to 3300 metres (fig. 7-3). 

(2) P. merku^ii. (the Tenasserim pine) possesses needle- 
like leaves two in number. It hardly reaches a height of 3 metres 
and grows profusely on hillocks in Burma, East India, Bengal etc., 
coming down even to an altitude of 150 metres (fig. 7-3). 
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(3) P. roxburghii [ = P. longifolia Roxb.] (the Chir pine) 
possesses needle-like leaves three in number. The trees are 
pyramid-like, large in size and grow all along the Himalayas 

between the altitude 
of 450 to 2250 metres 
(fig. 7-3 & 7-4). Leaves 
are 12 to 20 cm long 
and triangular in cross 
section.lt is commonly 
known as chir*, and 
grows in abundance 
in the hills of West 
Pakistan, Kashmir, 
Punjab, Himachal 
Pradesh, Nepal and 
Uttar Pradesh. It 
may attain a height 

of nearly 54 metres and the stem may be 3 metres in girth. Its 
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BURMA 


F,-g. 7_3 Aliitudinal distribution of the dilTcrent 
species of PiiiUf growing in the Hima* 
Javnsand Burma (After Konar). 


seeds are also edible. 

(4) P. wallichiona [=P excelsa Wall.] Uhe blue pine) posses- 
ses needle-like leaves, five in number (fig 7-5). It is an evergreen tree 
with glaucous, bluish foliage. The tree may attain a height of 5 
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metres under favourable conditions. Female strobili are cylindrical 
in shape. It commonly occurs between an altitude of 1800 to 2100 
metres (6g. 7-3) and grows luxuriantly in areas with an annual 
rainfall of 90 to 200 cms. It is commonly called ‘Kail*. The strobili 
are pendulous without any pronounced beak on the apophysis. 

It grows in the hill-ranges of West Pakistan, Kashmir, Himachal 
Pradesh, Punjab, Nepal and Bhutan. 


(5) P. insularis, [=P. khasya Royle] (the Khasi Pine) 
possesses needle-like leaves, three in number. It grows in abun- 
dance in the hill ranges of Assam and Burma. Trees of P. insu- 
laris are comparatively smaller in size, reaching a height of about 
30 metres under favourable conditions (fig. 7-3). The trees are 
evergreen, possessing whorled branches. 


(6) P. armandi Franchet (Armand’s pine) differs from 
P. walUchiana in the presence of (i) a distinct bend near the base of 
the leaf, (iii glands on the young shoots, (iii) stouter strobili 
and (iv) wider scales. The trees are tall attaining a height of 
nearly 18 metres. This species occurs in Central and West China, 
Form^a and North-East frontiers of Assam. 

,<^:;j^PHOLOGlCAL FEATURES-P/n«^ is a large tree with 
evergreen, acicular (needle-like) leaves. The form of the tree is 

pyramidal due to spiral growth of lateral branches. Some of 
the trees are quite tall. Plants are monoecious 


Root — A tap root is present, 
ectotrophic mycorrhiza occurs. 


Root hairs are scanty and an 


Stem It IS cylindrical and is covered with bark which is 
characteristic of different species. The main stem is called the 
shaft and is used for timber. Branching is monopodial. Two 

a 2 Th spur-shoots) of limited 

of scale leaves 

anJ f below 

and needle-like leaves at the apex. Konar« states that each dwarf 


1. Koxmr, R. N, 1960. 
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or spur-shoot in P. roxburghii usually bears prophylls and 8 to 10 
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spirally arranged persistent cata- 
phylls ( = scale leaves) which in 
the beginning are green but later 
turn brown. 

Leaves— Mature foliage leaves 
are needle-like. Their number 
varies from 1 to 5 in different 
species; abnormal specimens 
may have more. On the number 
of needles that a dwarf or 
spur shoot possesses, it may 
be called unifoliar, with one, 
e g., P. wor.ophyllOf bifoliar with 
two, e.g., P. sylvestris. P- rrter- 
kusii’y trifoliar with three, e.g., 
P. gerardianOy P. roxburghii 
(fig. 7-4); and pentafoliar with 5 
needles, e.g., P. wallichiana 
(fig. 7-5) Pinus produces dimor- 
phic (long and dwarf) shoots 

and dimorphic (needle-like and 

scaly) leaves. Scale leaves occur 
on long as well as on short 
shoots and fall off as the bran- 
ches attain maturity, but adult 

leaves ( = needles) are borne only th!Lil an^d' 

roxburghii dwarf or spur shoots are initiated in a j 

these untold a year later; i.e., the following April. Soon after this. 

the nurf^^M^bili also mature and shed their pollen. 
/wfrOLOGICAL FEATUKES-TM tool of 

^lisottoondod b, 

l,J.. from wtiob .,l.= ,bio...lM too. b.i.t tH- _ 

,o..stoo„ h.,.ro«.ool f "loltopbio 

funauson the surface of the root. This is . Poi. 

mycorrhiza. It probably helps in the availability of food. Ep 



Scale Lccf 


Fig. 7— 4 Long and dw irf shoots of 
P. roxburghii with needles and cataphylls 
A — a lone shoot with several dwarf 
shoots; B— -a dwarf shoot, with 
3 needles. 
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blema is followed by multilayered 
raatous tissue.Endodermis occurs 
next to the cortex; it is single 
layered, this in turn is followed 
by pericycle which is sometimes 
several layered thick. Vascular 
cylinder is diarch to tetrach. 
Vascular bundles lie opposite 
the resin canals. Protoxylem is 
always exarch. It is slightly 
forked in the form of *Y\ 
Often there occurs a resin canal 
opposite each protoxylem group 
(fig. 7-7). 

Secondary growth of the root— 
As the root grows a few cells 
lying in between xylem and 
phloem become meristematic and 
get transformed into cambium. 
These cells divide and form secon- 
dary xylem and secondary phloem 
on the inner and outer sides 
respectively., Extrastelar second- 
ary growth takes place like that 
of a dicotyledonous root by the 
activity of cork cambium or phel- 
logen, which is formed from the 

outer layer of pericycle. Phellogen 

cuts ofif cork cells or phellem on 
its outer and phelloderm or se- 
condary ground tissue on its 
inner sides respectively. Phellem, 
phellogen and phelloderm together 


cortex’ made up of parenchy- 



^“5 Pinus waliichicna showing 
clusicrs of 5 nerdles with »hcir apices 
and a. winter bud (After Dallimore 
and Jackson). 


constitute the periderm^ (fig. 7 . 7 ^ 

T^tr acheids of the second ary wood of roots are longer 

1. Burns, Mary Anne 1964. “ 
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RootH 


broader and the growth rings narrower in comparison to those of 
the stem. Lateral roots 
emerge from the inner 
layers of the pericycle. 

In older roots primary 
xylem may disappear ; 
then it is difficult to 
distinguish the root 
histologically from a 
stem. 

A young stem of 
Pinus shows a wavy 
outline (fig. 7-8) be- 
cause of the presence 
of leaf-bases. The stem 
possesses a thick cuti- 
cle below which lies 
a thick-walled, single-layered epidermis, 
by multilayered cortex, the outermost 



Phloem 


Cortex 


SoCOndory Wood Rojio CcIls 
Pnmory Phloem 
Koro Conol / 


Secoodcry Phloem 
Cortci 



SVood Roy 

Pfimory Xylem 
ScUfol 


ic Cells 


Fig. 7-7 T. S. of an old triarch root of 
Pinus with secondary growth 


Fig. 7-6 T. S. of a young triarch root of Pinus. 

This layer is followed 
layers of which are 
sclerenchymatous but 
a few inner ones, in 
the young stage at 
least, may be parenchy- 
matous. Resin canals 
occur in the cortex 
outside the vascular 
bundles. The vascular 
cylinder is eustelic or 
polyfascicular endarch 
siphonostelic. Vascular 
bundles are similar to 
dicotyledonous stem in 
their conjoint, col- 
lateral and open nature 
(fig. 7-8). They are ar- 
ranged in a ring. Xylem 


oXy/|» 


Pefidcfrm 


rays are 


narrow and not so wide as in Cycas stem. They occur 
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in between the vascular bundles and connect the pith with the cor- 
tex. Protoxylena is endarch and is made up of tracheids. Phloem 
consists of sieve cells with sieve plates, phloem parenchyma and 
albuminous cells. According to Esau* the relation between the 
albuminous cells and sieve cells in the conifers is the same as that 
between sieve tubes and companion cells in the angiosperms. 
According to Bierhorsl- the protoxylcm elements possess spiral 
thickening and bordered pits; rarely annular thickening may also 
be present. The centre of the stem is occupied by a small pith. 



Fig. 7-8 T.S. of a young stem ofPinus covered with leaf bascsfsHghtly diagrammatic) 

Leaf.gaps are present. In Pinus leaf-trace is single at the base, but 
later it divides into two and is thus regarded as of double nature, 
a character which is considered to be a primitive one. 

Secondary growth of the stem-The cambium present in 
the vascular bundles initiates secondary growth as the stem 
becomes somewhat old. The cambium forms secondary 
xylem on its inner and secondary phloem on its outer 


1, Esau, K. 1953. 

2. Bierhorst, D. W. 1960. 



102 


GYMNOSPERMS 


sides. These zones are traversed by xylem rays which too 
develop from cambium. The secondary wood in Pinus shows well- 
marked growth rings (fig. 7-9). Each ring possesses thin-walled 



Cambium 
Wood Roy 

Wood 


Periderm 


Resin Canal 
Secondary Phloem 


ig, 7_9 T. S. of a iwo-\ear old stem of Pinus with growth rings and 

Dvcnoxvlic wood (Alter Foster). 


Annuo) Rin^s 
of First and 
Second Year? 


spring wood with wide tracheids and large bordered pits. The 

. 4 ^ ♦Vfcf/'V- 




Resm Conol 


•Avtumft 

Trocheids 


; -l " Xylem Ray 


autumn wood has thick- 
walled narrow tracheids and 
small bordered pits (fig. 7-10). 

Secondary wood is made 
up of tracheids traversed by 
xylem rays. The tracheids 
developing in the spring 
season are polygonal in trans- 
verse section, they have a 
thinner wall with less lignifi- 
cation than those of the 
autumn season which arc 
squarish in outline and have a 

^ , greater deposit of lignin (fig- 

7-10 & 7-11). Resin canals are also present in the secondary wood 



Bordered pits 


Fig, 7—10 T. S. of the sec. ndary 
wood of Pinus with a resin canal, 
spring and autumn tracheids 
(After WetLUein). 


CONIFEHALES 


103 


(figs. 7-10, 7-11 and 7-14 G). Similar to cambium there develops 
a meristematic layer in the cortex called the phellogtn or cork 
cambium. It cuts off phellem or cork on its outer and phclloderm 
on its inner side. The cork forms the bark for the protection of 
stem which in old stems peels off. The tracheids of Pinus have 
bordered pits on their radial and tangential walls (fig 7-12,7-13 
& 7-14 A to E). A bordered pit is a circular area consisting of 
thin middle lamella overarched on each side by a dome formed 
by the inner lignified layers of cell wall. The dome posses'csan 
opening in the centre. On ihe lamella and in between the two 


spring Tracheids] 


T^esin Canol 


Autumn Tracheids 


Xylom Roy 


•u I’f-f 

A. \ 

'K.d 


Spri ng Trocheids k 



^•8* 7— “1 1 Photo showing the T, S. of the secondary wood of Pintis^ 

openings occurs a small disc of lignin called ‘torus* (fig 7-12 C 
& 7-13). Bordered pits are uaiserlate in Pinus. Special thickenings 
of primary lamella surrounding bordered pits called bars or rims 
of Sanio or crasullae are also present (fig. 7-12 & 7-14). When 
the pits are too close to each other the pairs of bars of Sanio or 

crassulae are seen round the rims (fig. 7-12). The walls of resin 

canals are surrounded by epithelial cells and they are full of resin. 

Resin canals also occur in association with the multiseriate xylem 

rays (fig 7-12 C & 7-14 G). In old stems of Pinus^ annual rings 
can be clearly made out (fig. 7-9). 

Pinus is made up of radial rows of long sieve 
cells which taper on both ends. Sieve plates occur mostly on the 
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radial walls; these may become 
covered with callus after the 
first year. There are no com- 
panion cells but phloem paren- 
chyma occurs mixed with the 
sieve cells. 

Xylem rays run hori- 
zontally and form a closely 
integrated structure with the 
vertical system viz., the tra- 
cheids and the sieve cells, so 
much so that every tracheid at 
least at one point, comes in 
contact with a living paren- 
chyma cell of the ray. In Pinusy 
the rays are uniseriate in width, 
but may become multiseriate 

when they come in contact 
with a resin canal fig. 7-12 C 
& 7-14G). The xylem rays may 
be only a few cells high or they 
may be several cells high (fig. 
7-l2AtoC). The marginal cells, 
on either side of the xylem rays, 
which are several cells high, 
get modified into ray-tracheids 
in the xylem region (fig. 7-12). 

The ray-tracheids are non-living 
and have a lignified, thick 
wall, which may protrude into 
the lumen of the cells, hence, 
their walls are irregular in out- 
lines as observed in sections. 
They are narrower, longer 
and lower than ordinary 
parenchyma cells and have bor- 
dered pits*. In between these 
cells in the centre of ray are 
situated the ray parenchyma 


“iTEames A. J. & Mc.Danieb 1947 : 177. 
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Hg. 7-13 Photo •■'IL. S. ^nho «co„dary wood of P.„„. 
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cells which are thin-walled and living and they have simplepits 
(fig. 7-12'\ & B). These cells usually store starch. 

The xylem ray in the region of the phloem has albuminous 
cells in position corresponding with marginal ray tracheids. The 
albuminous cells have smaller transverse diameters than the 
procumbent ray cells. They have a prominent nucleus and dense 
contents. They are closely associated with sieve cells and behave 
like companion cells of the angiosperms. Between the two 
marginal rows of albuminous cells occur cells of ray parenchyma 
which unlike the former may have plenty of starch. Thus, the ray 
in the xylem region has marginal cells which are dead, but it has cen- 
tral cells which are living; in the phloem region, both the cell-layers, 
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!.■« 7 14 Structural details of the wood of Pinus roxburghii, A-R L.S. of 

thTspring wood showing a tracheid, B-T.L-S. of the wood w.th 
a^Bar^of Sanio in cross section, G-R-L.b. of two summ 

tracheids, D-R-L.S. of the ray 

of the ray of summer wood, F— T.L.b. ot the tnicK 
walled parenchyma adjoining resin di.ct and ray 
and G— T.L.S. of s fusiform ray {Ajler 
Cronin & Ruiton) 

maraiMl as well as the ceatral, are living. According to Banner.* 
the centrally located ray parenchyma cells in the xylein 
of rays and the coextensive starch containing procumbent cel 
°n [h/phl^oem part of the rays are apparently the c anne.s of 
cross transfer and storage sites for carbohydrate assimilate^ 


1 Banncn, M- W. 1965. 
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Leaf — P . roxburghii has three needles in a spur or dwarf shoot 
(fig. 7-4). They are elongated and long-lived, persisting for 1 to 10 
years , they possess basal meristem. Each needle is triangular in 
outline possessing two vascular bundles in the centre (fig. 7-15.) 
The needle of P. monophyJla has a single vascular bundle. The 
needle has a single-layered, thick-walled epidermis which is 
covered with a thick cuticle. Stomata are sunken. Each stoma 
opens into a respiratory cavity called the vestibule (fig. 7-17 A). 
Epidermis is followed by a few layers of thick-walled sclerencby- 
matous hypodermis. This tissue is more developed at the ridges. 
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Fjg. 7—15 T. S. cf a nctdic of Finns roxburghii. 

Resin canals are present in the leaf ( figs. 7-15 7-178 ). 

Mesophyll is made up of parenchymatous cells which have large 
number of chloroplasts. Peg-like infold, ngs directed into tliecell 

A & B). This t issue ,s sometimes spoken of as arra-palisade. The vas- 

ular cylinder of the leaf is surrounded by a layer of endodermis made 

up of barral-shaped cells (fig. 7-16). This is followed by several- 
layered parenchymatous pericycle. Pericycle also possesses some 

r tr "r 

..-.o.. c.„.; ... :: j— ■ rr;, “t'r.! 
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chyma with dense contents, recalling the xylem rays of the 
stem, extend from the xylem into the phloem. At the base of 
the needle small amount of cambium may be present. 

V^^^^xJbt^E-HISTORY 

The adult plant Pinus represents the sporophytic phase. 
The plants are monoecious, i.e., male and female strobili occur 
on a single plant. Vegetative reproduction has not been reported. 
Usually male and female sporophylls are arranged in separate 



phloem 


Fig. 7_16 T. S. of Pinus needle— highly magnified (Aficr Esau). 

Strobili but a few abnormal instances are knoA^n where micro- 
and megasporophylls occur mixed together in a single strobilus. 
Rarely, a few megasporophylls may also be replaced by spurs 

with needles, 

Male Strobilus. In P. roxburghii clusters of male strobili are 
initiated in the month of September in Lahore* & Delhi.* The 
strobili develop on the shoots of unlimited growth in place^ 


1. Sethi, M. L. 1929 

2. Konar, R. N. I960. 
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spur shoots, in the axil of a scale leaf which falls olT later (fig 7-18). - 
Male strobili thus 
appear to be mor- 
phologically equi- 
valent to dwarf 
shoots. Further, 
the microsporo- 
phylls arc borne 
upon a central axis 
dire.'tly. The male 
strobilus, therefore, 
is homologous to 
the male fiovver of 
an angiosperm and 
not to an inflores- 
cence as is the case 
with the female 
strobilus. The cent- 
ral axis of the stro- 
bilus corresponds 
to the thalamus or 
the torus of an 
angiospermous flo- 
wer. In P. rox~ 

6Hrg/j/7 the young male strobilus is externally Covered by several 
bracts, it is about 3 to 4 cm long and 0.64 cm in diameter. 

Microsporophylls (Stamens) — The microsporophylls or stamens 
are arranged spirally on a short axis (fig. 7-19). The microsporo- 
phylls are scaly and vary from60tol35in numberon each strobilus. 
Each microsporophyll is triangular in outline and consists of a 
short stalk or filament and leaf-like expanded structure or anther 

with two pollen sacs or microsporangia borne on the lower or 

abaxial surface (fig. 7-1). These are filled with microspores or 
pollen grains. The microsporophylls situated at the base of the 

strobilus are usually sterile while the upper ones are fertile. The 
tips of the microsporophylls bend upwards and turn scaly, they 
thus protect the microsporangia (fig. 7-19). 




Fig. 7 — 17 T. S.ofa portion of Hmus needle 
A — stojnatal apparatus with arm palisade ; 
B — resin canal with arm palisade (After Esau). 
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^'ig- 7 — IB A long shoot of P. roxburghii with clusters of dwarf shoots 

and a male strobilus (After Konar; 

Microsporangia— Only two microsporangia or pollen sacs are 
MicrcsporophyO Mkrtfspordn^i borne on the abaxial or lower 

surface of each microsporophyll. 
The development of a micro'po- 
rangium is of the superficial and 
eusporangiate type. Allen and 
Erspamer* observed, “In Pinaceae 
the superficial position of initials 
of the microsporangium is matched 
by the active contribution of the 
surface cells to the formation of 
the leaf and sporophyll primor- 
dia.” In several other genera of 
conifers the primary sporogenous 

of a few hypodermal archcsporial 
cells which divide to form an outer 
layercalled tapetum and a central mass of archcsporial tissue. The 

1. Allen and Erspamer (Foster, A. S. and E. Nt. Gifford : 39Ij. 


cells are hypodermal. In young 
stages a microsporangium consists 



Fig. 7 — 19 L. S. of the male 
strobilus of Pinu^ sp. showing 
miciosporangia (After Foster). 
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archesporial tissue divides to form a large number of microspore 
mother cells which represent the last stage of sporophyiic genera- 
tion (fig. 7-20). They divide meiotically or reductionally and each 



Fig. 7 — 20 Development of fnlrr^sporc mother cells in Ptnus roxbuTQhii 

(After Konar). 


microspore mother cell forms four haploid, uninucleate, microspores 
or pollen grains which latter develop two wings (fig. 7-26 C & D). 
Konar* found that in P. roxburghii the microsporangia on malu- 



Fie. 7-21 F.™. roxburghiy with male and female strobili 

j t. . ^ prophylls and cat^ylla (After Konar), 

nty dehisce through a slit along thtGong axis. The first shower 
of pollen grains take s place about the second week of,March and 

I . Konar, R. N. I960. ~ 
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continues for about 15 days. Before the shedding of pollen grains, 
ihe m ile strobilus is about 1 cm long. On maturity its axis elon- 
gitisconsiderably and reaches a length of 3 to 4 cm(fig. to 18). 
The microsporangia, which are now ripe, get separated and dis- 
charge their pollen. 

Structure anti dehiscence of microsporangium — Microsporangia 
are sac-like structures borne on the abaxial surface of micro- 



MATURE WITH 'SEEDS: DISPERSED 


LATE FIRST YEAR 


SECOND YEAR -i 


Fic 7-22 Female strobili of Piwoj t'-xburghii A— a younR strobilu , 

B— a mature strobilus at the end of second year ; C— an old 

strobilus after the shedding of seeds. 

sporophylls. They are elongate and sessile and each encloses 
numerous, light, two-winged microspores or pollen grains (c. 1. 
Lycopodium where Ihe sporangia are adaxial and the ^ 

very small, tetrahedral and unwinged). On maturity t e 

microsporangium bursts from underside revealing a ongi 

slit A large number of pollen grains get released ; the pale yello ^ 
pollen grains cause a cloud which is called ‘shower of sulphur . 

PoL E»ln, 1. .1.. or 'X 

sporangia become empty, the male strobilus withers and falls off. 

Female strobilus-The female strobili take three years to com- 
pletely mature and set seed. They arise in clusters of 1 to 4 m 
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axils of scale leaves on shoots of unlimited growth (fig. 7-21) 
and originate where normally spur shoots would have developed. 
They are initiated in the month of May in the hills and February 
in the plains. Konar* found that in the plants of P. roxburghii^ 
growing in Delhi, female strobili originate in the beginning of 
March. Prior to pollination bract-scale is larger than ovulifcrous 



Fig, 7*23 Morphology of ibc ovulc*bearing structures of Pinus 

(After Foster). 

scale, but the lattersoon outgrows the former (fig. 7-23 B & D). After 
pollination, female strobilus slowly turns upside down, the sporo- 
phyllscome very close to each other, or the strobilus becomes 
closed. In the second year the strobili increase in size until fer- 
tilization takes place (fig. 7-22). Female strobili are brown-red in 
colour, they consist of a central axis on which arise spirally 
arranged small, paired scales or megasporophylls. The double 
nature of scales can be easily made out in young stages (fig. 7-23 A,B 
& D). In adult condition the two are closely appressed. The 
megasporophyll or the ovuliferous scale, constitutes the upper part 
an ears ovules It is stout, woody and triangular (fig. 7-25 B> 
Its terminal broader portion is called the apophysis. The bract 
carpellary or cover scale, is situated below the ovuliferous scale! 


I. Konar R N. I960, 
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It is thin, dry and membranous and has a single vascular strand 
with the xylem oriented towards the upper surface as in a normal 
leaf (fig. 7-23 B & D). 

Morphological nature of the ovuliferous scale — There has been 
a lingering controversy regarding the morphological nature of the 
ovuliferous and bract scales of the conifers. Several theories have 
been advanced from time to time but they were found to be unten- 
able on one ground or the other '■ Florin’s'’ extensive 

researches conducted to elucidate this vexed problem extend over 
several years. In order to correctly assess the implications of his 
work it is essential to study the conifers, which existed during the 
remote past. 



Fin 7—24 Ovullfjroiu struclures in a few fossil conifers A Ubachta 

* ' (After Florin). 


The Permian genus Lebachia had numerous spirally arranged 
bifid bracts, which in their axils bore small, radial, single ovuled 

shoots (fig. 7-24 A). All the scaly bracts except one, were sterile 
the fert ile appendage or megasporophyll situated in the dwa^ 

1 . Sachs, J. 18B2. 

2. Eichler, A. NV. 1889. 

3. Kubart, B I9i'5, 

4. Bcssey, C. E. 1902. 


Florin R 1951. 
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shoot had a single erect ovule. In Ernestiodendron the structure 
was sikin to Lebachia (Fig. 7-24 B & C) except that the number 
of fertile appendages was more. The fertile shoots of these fossil 
conifers are called ‘seed-scale complex’ by Florin^, which, accord- 
ing to him, goto show the compound nature of the megasporan- 
giate strobilus ; this being a primary condition in the Coniferales, 
but not in Taxales. In the upper Permian Pseudovoltzia (Fig. 
7-24H) the strobilus was composed of spirally arranged entire 
bracts. Each seed-scale complex was composed of 5 sterile scales 
and 2 or 3 stalked megasporophylls. Each megasporophyll has a 
single inverted ovule. Florin* believes that fertile shoot of 
Pseudovoltzia corresponds to the ovuliferous scale of recent pine 
cone with its two inverted ovules. In Triassic genus VoUzia the 
five sterile scales are basally fixed to form a sterile flat structure, 
the three megasporophylls being adnate for most of their length 
to the inner surface of these united scales. In Ullmannia (Fig. 
7-24 F & G) reduction reached an extreme in this that there 
was a single large flat sterile structure (probably homologous 
with 5 sterile appendages of Pseudovoltzia) and a single fertile 
appendage with reflexed ovule. 



pemale cone an open 

JIN FIRST YEAR) STAGE OF 


PEMALE CON 



Sporogcnous Cell LincorTcIroci 


Fig. 7-25 Dc,^opn.cn.of '...ale s.robilus and ovula in 

in «<:tional view ; D to 
F— formation cf megasporcs. (After Konar) 

Megasporophylls-The megasporophylls are arranged spirally 
on the axis and constitute the female strobilus. Each ovuliferous 
scale bears t«vo megasporangia or ovules on its upper surface. 
The raicropyles of the megasporangia or ovules are directed 
^owards^ba se of the s cale and the axis of the strobilus. 


1. Florin, R. 1951. 
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Mcgasporangia—Each megasporangium or ovule consists of 
a central mass of tissue called the nucellus, which is covered over 
by an envelope. Konar^ states that in F. roxburghii the ovules 
arise in the third week of February. The nucellus is free from 
the envelope near the micropylar end only. The envelope at 
the apex continues into a long tube beyond the nucellus. Micro- 
pylar tube or canal is narrow and long. Each ovule arises as a 
group of cells on the upper or adaxial surface of an ovuliferous 
scale (fig. 7-25 A to C). At the apex of the nucellus a hypoder- 
mal cell enlarges and is then called the archesporial cell. It 
divides into lapetal and megaspore mother cells. The former 
forms the tapetum and the latter divides reductionally or meioti- 
cally to form four haploid megaspores arranged as a linear tetrad. 
The three potential megaspores disorganise except the chalazal 
one which matures into a functional megaspore (fig. 7-25 D to F). 
It is surrounded by a megaspore membrane, which is ornamented 
with baculate rods. Pettit- considered it to be of the Pinaceae 
type which differs from the Cupressaceae type as the latter is 
tigillate. 


Homologies of the reproductive organs - Certain structures of 
male and female strobili of Pinus are regarded homologous to 
some structures of heterosporous pteridophytes and angiosperms, 
these homologies are given below : 


Setaginella and Isoetes 



Angiosperms 


1. Microsporangiferous , Male strobilus 
2^pike 

2. Axis of the strobilus 


3. Microsp .rophyll 

4. Microsporaneium 

5. Microspore 

6. Mcgasporophyll 

7 Megasporangium 

y. Mcj^asporc 


Axis of the strobilus 

Strobilus scale (Micro- 
sporophylJ) 

Pollen sac (Microsporan- 
gium) 

Pollen grain 
Mcgasporophyll proper 
Ovule (Megasporangium) 

Mccasporc 


Naked male flower 

Thalamus of the 

flower 

Stamen 

PoUen sac (Micro- 
sporangium) 

Pollen grain 
Carpel 

Ovule (Mcgcspo- 
rangium) 

Embryo sac 


1. Konar, R. N. I9i 0. 

2. Pettit, J. M. 1966. 
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GAMETOPHYTIC GENERATION— The pollen grains and 
megaspores have only half the number of chromosomes of a vege- 
tative cell, i. c., they are haploid and hence they represent the 
beginning of the male and the female gametophytic generations 
respectively. The basic haploid number of chromosomes in 
Pinus is 12.* 

Male gametophyte— The development of the male game- 
tophyte starts inside the microsporangium long before the 
shedding of pollen grains (fig. 7-26 A & B). The pollen grains 
are protected by i cuticularized layer called the exine and an 
inner thin layer called the inline. The pollen grain divides and 
cuts off 2 small proihallial cells one after another and a single 
antheridial cell (fig. 7-26D). The latter divides into a tube cell 
and a generative cell. The pollen grains are shed at this four- 
celled stage (fig. 7-26D). The germination of a pollen grain takes 
place only when it reaches the ovule. 

Sterling- suggests the following scheme of the development of 
male gametophyte in Pinus, Ginkgo and Cycas : 

Embryonal cell 


^ 

rirst primary proihallial cell 

■V 

Embryonal cell 

1 

■I' 

Second primary prothallial cell 

i 

Antheridial cell 

Generative cell 

Tube cell 

Spermatogenous cell (=Body cell) 

■V 

Sterile cell (—Stalk cell) 

Male gamete 

Male gamete 

Pollination — In Pinus, the pollen 

grains are carried to the 


ovule through wind and hence the pollination is anemophilous. 
Contrary to the popular belief that the wings help in the dispersal 
of the p ollen grains. Wodehouse^ states that the wings are closed 

1 . Khosboo. T. N. 1961^ 

2. Sterling, C. 1963. 

3. Wodchousc, R. P. 1935. 
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when the pollen grains fly, the Wings thus are ineffective in this 
process. A secretion oozes out through the micropyle during 
night. It is abundant during night and lasts till morning 
but later on dries up. It is composed of sucrose, glucose and 
fructose^. The pollen grains get entangled in Ibis fluid. Later, 



Protholtiol Cell 


DEVELOPMENT Of MICROSPORE 


Saccus 


pcrmologcnous Cell 


Prothollial Cells 


Anthcridiol Cell 


MATURE MICROSPORE 


Stenie Cell 


Tube Nucleus 


DEVELOPMENT OF POLLEN TUBE INSIDE NUCELLUS 


AN ENLARGED 
POLLEN TUBE 


Fig. 7-2'j— Maturation of pollen grains and the development of pollen 
tube in Pinus roxbur^hii. A— separation of pollen grains from a 
sporogenous cell ; B-a pollen tetrad ; C— pollen gram with one and, 

Q with two prothalHal cells ; E — elongation of pollen tube ; 

p. a pollen tube inside the nucellus* (After Konar)* 

this fluid is socked in carrying with it the pollen grains which get 
deposited at the apex of the nucellus. The micropyle closes after 
pollination. It is known that in some species of Pinus this 

closure is forceful and trapped grains get crushed by it-. Polli- 
nation occurs in the months of May-June in the hills and Febru- 
ary-March in the plains. 

1. Dogra, P. D. 1964. 

2. McVVilliam, J. R 1958. 
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Female gametopbyte — The female strobilus increases in size 
slightly in the first summer following pollination and more rapidly 
during the next year when fertilization is to lake place. Mega- 
sporophylls turn hard and brown on maturity. Now the two 
kinds of scales become almost indistinguishable. 



Archcgoniol initiol 


Nuclei 


FREE NUCLEAR 
GAMETOPHYTE 


Passage of 

Arcbegontoi 

Neck 




Vocuole 
eneroting 

Vontrol Conol Cell 
ct Loycr 

Central Cell 
Dividing Ccntrol Cell 

Egg 


Dividing 
Central Cell 



A MATURE ARCHEGONIUM 


the development of female gametophyte of Finns 
oxbwghit A free nuclear stage of the gametopbyte; B>.an archesonial 

With degenerating ventral canal cell (After Konar). ^ 


The functional raegaspore enlarges in size. A vacuole 
appears in its centre and the megaspore nucleus divides 
by free-nuclear divisions (fig. 7-27A). Thus nearly 2,000 small 
nueleii are formed without walls. Each nucleus later gets 


1. Ferguson, M. C. 1904. 
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invested by a wall. The formation of these walls starts from the 
periphery in a centripetal fashion. The massive tissue so formed 
is called ‘the endosperm’ or ‘female prothallus’. Corresponding 
to the tapetum, a two-layered nutritive or spongy tissue is also 
formed round the endosperm by the tissue of the nucellus. Now» 
two or three superficial cells of the female gametophyte at the 
micropylar end become slightly enlarged and prominent. These 
are the archegonial initials (fig. 7-27 B). Each initial divides to 
form a primary neck cell and a large central cell (fig. 7-27 C), The 
primary neck cell undergoes three divisions and forms eight neck 
cells which are arranged in two tiers* of four cells each. The 
central cell divides to form a ventral canal cell which is separated 
from a large egg by a definite wall [c f. Cycas where no such wall 
exists] (fig. 7-27 Dto F). Venter of the atchegonium remains em- 
bedded in the tissue of the female gametophyte. Neck canal 
cells are absent. 


Fertilization — After an year of pollination, fertilization takes 
place. Konar^ states that fertilization in Pinus roxburghii occun^ 
at the end of April or in the beginning of May. The microsporca 
or pollen grains resting on the nucellus geiminate directly (as there 
is no pollen chamber). The generative cell now divides 
into two, a sterile or stalk cell and a spermatogenous or 


body cell (fig. 7-26 E & F). The pollen germinates and forms a 
pollen tube distally. The spermatogenous or body cell divides 
and forms two male cells or gametes (fig. 7-26 E) which are 
nonfiagellate but one of them may be slightly larger than the other. 
These show amoeboid movement. By this time the pollen tube, 
which is said to be non-haustorial, pierces the nucellus and reaches 
the neck of the archegonium .(fig. 7-26 F). On coming in contact 
with the archegonial neck the pollen tube bursts at the apex of the 

archegonium and both the male cells or gametes are liberated. 

Only one of the male cells, however, fuses with the egg nucleus 
and forms the zygote (fig. 7-28 A to C), the other male gamete 
disintegrates along with the sterile or stalk and tube cells. Fertiliza- 
tion usually occurs tow ards the end of Ju ne. The zygote, — 

♦Tier is pronounced as tear, 

1. Konar, R. N. 1960. — 



COMFKR/I.P.' 


121 


diploid, possessing 24 chromosomes, represents the beginning of 
the sporophytic generation. 

DEVELOPMENT OF EMBRYO— The zygote, as a result of 
three divisions, forms an eight-celled structure, the primary pro- 
embryo (fig. 7-2S D to H). It consists of two primary tiers* of 
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Fig. 7— 28 Development of proembno from fcriilization (o the forma- 
tion of scco-id^ry proembryo in Pinaccae. A to U— fusion of male and 
‘'em tic nuclei, D to E -free nuclear divisions P--U>t iVee nuclear stages, 

G & H— wall-fonnaiion, I— formation of primary upper and primary em- 
bryonal pers, J — internal divisi'-n of primaty ut per tier, K&L for- 

mation of four different tiers. The numbcis alter the letters e. g 
U 4 , S 4 etc., indicate the number of cells thi t constitute the tier 

( After t ogra). 

four cells each. The upper or open tier has been termed the 
primary upper tier or pU (fig. 7-281) and the lower or apical 
the primary embryonal cells^ or pE (fig. 7-281). The internal’ 
divisio n- (fig 7-28 J & K). taking place in the cells of the primary 

2 ! S:’; 17 z'llsT' ~ 

3 . Dogra, P. D. 1967 
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proembryo, results in the formation of the secondary proembryo 
(fig. 7-28 J to L). The different regions of the secondary proem- 
bryo have now been designated as under* : 


Open tier -> Secondary upper tier (U) (figs. 7-28 K & L, 

7-29A) 

Rosette tier Suspensor tier (S) (figs. 7-28 K & L, 7-29A 

to C) 

Suspensor tier-> First embryonal segment (E,) (figs. 7-28L, 

7-:9 A to D) 

Apical tier Embryonal cells (E) (fig. 7-2S L) 


It has been observed that the 



Fig. 7-29 Late embryogeny of 
Pinaceae. A —elongation of firit emb- 
ryonal segment ( Ei ), B to D — elonga- 
tion of further segments of first em- 
brvonal segment (E’i , E ’3 ,Et) and the 
formation of embryonal mass of cells 
(e), E— an embryo with cotyledons 
(After Dogra). 

to develop in Pinaceae. the 
discarded. 


primary upper tier forms the 
secondary upper (U) and sus- 
pensor tiers (S), while the 
primary embryonal cells 
develop the first embryonal 
segment (E,) and the embryo- 
nal cells (E) (fig 7-28 I to L). 
Each of these four tiers usual- 
ly consists of four cells |fig. 
7-28 L). Secondary upper (U) 

and suspensor(S)tiers, having 
no function in Pinaceae, 
degenerate (figs, 7-28 K & L, 
7-29 A to D). Suspensor tier 
(S) sometimes divides irregu- 
larly and the irregular proli- 
ferations, so formed, were pre-j, 

viously termed rosette em- 
bryos. Because these rosette 
tiers have not been observed 
term rosette embryo has been 


l. Doyle. P. 1957, 1963. 
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Archcgonium 


trrihryo 



During the later development of embryo, the prothallial 

tissue, in the form of a conical region, 
called corrosion region, gets differentia- 
ted below the archegonia (fig 7-30). 
The cells of corrosion region serveas a 
nutritive tissue duringthe development 
of embryos. The outer region of the 
female gametophyte, composed of the 
storage tissue (fig.7-30) or gametophyte 
is used up during the germination of 
the seed. The proembryonal stage, in 
Pinaceae, ends with the elongation of 
first embryonal segment (fig. 7-29 
A to E». 

Thus in Pinus a single zygote may 
form several embryos after the splitting 
up of the developing proembryo, this 
phenomenon is called ‘cleavage poly- 
embryony*. Usually a single zygote forms four embryos but only 
one of them matures. In case 2 or 3 archegonia are fertilized 
the number of embryos formed is a multiple of 4 (i. e. 8, 12 or 
even more embryos may develop). Ultimately, however, only one 
embryo develops inside a seed, others perish. In the centre of 
the seed which is full of endosperm lies a straight axis, consisting 
of the radicle pointing towards the micropyle and the plumule 
opposite it. The latter is included w ithin the cotyledons. The 
number of cotyledons (fig. 7-29 E) is always more than two and 
varies from 8 to 14 and they are green whilst enclosed within the 
seed*. 


Srorog« region ' Cofros.ofi region 

F'g. 7 — 30 Prothalius of 
Piua smilhiana with an 
archegonium, embryo and 
corrosion region (After 
L’ogra). 


Konar- has studied the life-history of P. roxburghii. He 
observed that various stages of micro- and megasporogenesis, 
gametophytic development and the embryogeny take place in 
different months of the year. These are shown in a tabular form 


1. Willis, J. c. 1966 

2. Konar, K. N. 1960. 
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buJow : 


\ loni/i 


Male 


Femule 


April 


CilANGES OGGI RRIVG IN THE FIRST YEAR 
Jan. Period of slow growth ufstrobilus I Initiation of female s-rubilus. 

Icb, l orniation of bi u Icaie lapcium. DifTcrcntiaiii.n of h>poderniul 

Ocgrncratio.i t.f wall layers. ! i ichrsponal cell. Etneigcnce of 

Ocvflopincni of fibrous thicken- j h male strobilus out ol c ver scales. 

uig>, formation of uninucleate j 
pollen k;rains and beginning • f 
the development of male gameto- I 
pliyic. J 

March Development of two prothallial . Pollination. CloMtre of n iciopylc. 

cells, a tube cell and a generative Free nuclear divisions in niega- 
ccll, shedding of pollen grains. spore to form i8 to 32 nuclei. 

,\pril Germination of pollen grains on ( 
nucellus. 


May Aug. Rest period. 


Sept. 


Oct. 


Nov. 


Ucc. 


Initiation of fresh crop of male ' 
strobiii. 

Formation cl arche>purial cells. 

I 

Giovvth of microsporangia. For- ; 
mation of wall layers. 

UilTerentiation of lapctuin. 

Period of slow growth. 


Rest period. 


CHA SGES OCGl.'RRING IN THE SEGOND YEAR 


jan. 

Feb. 


Rest period 


Rest period. 

Renewed growth of ‘ernalc stro- 
bilus Resumption of free nuclear 
divisions. Gradual increase in 
the size of strobilus. Further 
division and enlargement of free 
nuclear gainetophyte. 


Match Division of generative cell to form 
a stalk cell and a body cell. Mi- 
giaiton of stalk cell and body cell 
Division of body cell to form two 
male gametes. 


Basal subtending scales ol female 
Strobilus drop off. Wall forma- 
tion in garnetophyie and further 
divi^i IIS rcsultfiig in the increase 
of cells. Initiation and enlarge - 
ment of archegonial initials. 
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Afonth 


Malt 


Fern lie 


April • Growth in ihp .‘izf of one male ' Livision> resulting in tlie forma* 
nucleus, the otlier is shghily lion of prinuiy neck reH. h^r- 
smaller, Ferlil zaiion. inaiioii of 4 neek Growth 

I of central cell. Foiiiiati<»n <'f ven* 

j iral (anal cell and egg cell. En- 

largement of cug nufleus I’cni* 
J I'zaiion. D.visimi ol zygote to 

' foini4 nuclei. Form.it (iii of the 

'usprnsor and ftiibry iia! tiers. 


May 


(irowih of procinbryo 


June 

July-Dcc 


Jan-i\iarch 

April 


CH.ANGES OGCURUING I.N’ 


Growth and dirrcreuiiaiiun of cin- 

brvo. 

Maturation of embryo. 

THE THIRD YEAR 

! Maturation of cnibrvo 

; 

Openiag of i>irobilus an ^ shedding 
of seeds* 


Structure of seed— After ihe fuimalion of embivo ilic oxulc 
is called a seed. A fully mature seed (fig. 7-31 A to E ) has 
the following structures: 


(i) Embryo— It develops 

from a part of the zygote 
and consists of root, stem- 
lip and 8 to 14, 

cotyledons (fig. 7-31 

A & B). It represents 
the newly formed spo- 
rophytic generation. 

(ii) Gametophyte or Kernel— 
It is a nutritive tissue 
composed of cells possess- 
ing haploid number of 
chromosomes (fig 7-3IA). 
This tissue surrounds the 



Fig. 7 — 31 Seed structure of 
Pinus jjcrflrrfionrt. A— V.s. of the seed, 
B — a mature embryo, (J — a complete 
seed, 1/ — kernel with nucellar cap, 
withoi.t seed coat and R — a seed, 
with outer seed coat removed (After 
Dogra). 


embryo. It is white in colour and oily in nature. 
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(iii) Perisperm— It is a thin, membranous, reddish brown and 
papery structure 
which helps in ser- 


ving as a nutritive 
tissue to the deve- 
loping embryo. It 
is a remnant of the 
nucellar tissue, 
and, hence posses- 
ses diploid number 
of chromosomes, 
(iv) Seed coat -It deve- 
lops from the 
middle stony layer 


n I IK 

Wing 









I'ORTION Or fEMAt t CONE 
Fig. 7—32 Portion of a female strobilus 
of Pinus and a single megasporophyll with 
2 winged seeds (After Coulter and 
Diltmcr). 


of the envelope and is the outermost covering of the seed 
(The outer fleshy layer of the envelope disappears'. The 
innermost layer of envelope is sometimes present as a 
thin membrane. 

(v) Wing— It is a membranous structure formed from the 
thin layer of tissue which splits from the adaxial (upper) 
surface of the ovuliferous scale (fig. 7-32). It helps in the 
dispersal of the seed by wind to long distances. 

Germination of seed— With the maturation of the seeds the 
axis of the strobilus, as a result of its renewed growth, elongates. 
It sometimes emits a crackling sound. The elongation of axis 
results in gaping apart of ihe scales, the seeds, when shaken out 
from strobilus by wind, escape (fig. 7-22C). Under favonrable 
conditions the seeds may germinate without undergoing a period 
of rest Under unfavourable circumstances these may remain 
dormant for several months or years. If suitable conditions are 
available the seed coat splits and the radicle grows into the soil 
drawing nourishment from the endosperm. The plumule gro«s 
above the soil and carries the cotyledons which are already 
I Germination is thus epigeal (fig. 7-33). The cotyledons 
fre Taid I be evm^^n^e^the_see^c^^ 

1. Willis, J.C. 1966. 

2. Konar ,R. N. 1960. 
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reports that in Pinus roxburghii 8 to 14 cotyledonary leaves arc 
formed, these develop on the shoot of unlimited gro\Nth. They 
are 2 to 6 cm long, acicular, trigonal in cross section and pale-green 


and consist of sheathing leaf- 
bases ifig. 7-33). The radicle 
develops and forms the pri- 
mary tap root, the plumule 
forms the shoot of unlimited 
growth on which arise simple 
acicular leaves. These juvenile 
leaves unlike the adult ones 
are simple. As the plant grows 
and becomes mature they be- 
come smaller till they become 
reduced to small papery, brown 
structures called the scale 
leaves. In their axils arise the 
dwarf (=spur) shoots which 
bear the adultleaves( = needles). 
The juvenile leaves are spirally 
arranged on long shoot. The 
growth of pine plant is slow. 



^crininaung seed and a 


seedling of Pinus sp. (After 
Chamberlain). 


ECONOMIC IMPORT- F‘g- ’->33 Germinating seed and a 

AMr-R A fT . secdhngof Pinus sp. (After 

ANCE— The dilferent genera Chamberlain). 

of Coniferales are of great economic value as they yield several 
commercial products of daily use, some of these are as follows: 
Timber- Wood for building material, furniture, poles, match 
boxes and other articles are obtained from different species 
oiPmus Cedrus ^^6 Abies. Paper-Paper pulp is mainly 

obtained by crushing the wood of P/rea into fine bits and 
then bleaching it. Pencils-Wood for making pencils 
s^les and h^ders, etc., is obtained from Jumperus vir- 

''’®“'‘‘=«'s-Turpentine, resin, Canada 

r °“'er useful products 

are obtained by the distillation of the wood of several 
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species of Pinus Abies. Ljrfx etc. Food value— Seeds of 
Pinus gerardiana diTt edible and are sold in the market 
under the name of ‘chilgoza’. The seeds of P. roxbur^hii 
are also eaten by hill people. In all 5 species of pines 
produce edible seeds 


Many different Indian species of Pir.us of economic value. 
P. ^erardion'.i yields edible seeds the "chilgoza*; P. roxburghii and 
P w illichiana are important sources of timber vNhich used 
for furniture-making and various other purposes. DiffMcit 
species of Pinus provide a cheap source -^f cellulose and arc planted 
f(ir their beautiful appearance. P. wsularis and P. roxiurphii are 
the chief sources of resin and turpentine. 

OTHFR GENERA OF PINACEAE 


Cedrtis Trew.— Cedn4S d> odara Loud. (Deodar) is a tall ever- 
ereen tree pos'^cssing horizontal pendulous branches. Leaves are 
needi 'like, nearly 2 50 cm long. Plants are monoicions or 
di^ ecious, male sirohili are nume ou^ and erect; these arise singly 
at the end <’f leaf-bearing branches Stamens are spirally arrai gtd, 
e ich with ivvo adja^ etil pollen >ac'^. Ft male strobilus at maturity 


is erect, barrel-shaped, ovoid and brown in colour fig. 7-34) 
Megasporophylls are spirally arrangi d, fan-shaped, closely oxer- 
lapping, deciduous, eaJi has txxo ovules at the base which later 
become seeds. The megasporophyllf are thin at the apex and 
thick at the base. Seed, are nearly 0 cm !■ ng. Cot.vledons 
arc 9 to 10. Sirobtli mature a''ler two years of pollination, r rd 
break up while on brai ches. Cedrus grox^s at an altitude of 1800 
to 2550 metres nbo/e sea level. It grows in abundance in the 

Western Himalayas 


Picca Dietr.- Picea smithiona Boiss and P sphwiosa Bcisrn 
are the two commonly occurring species of P/cce? (spruce) in India. 
The trees arc tall xvith horizontal branches and conspicuously 
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drooping branchlets. Leaves are bluish or greyish-green, nearly 2.5 



j ^ of Cedrus deodira with male 

and female strobili (After Engler & Prantl). 


cm long, necdle-like 
incurved, foursided. 
Plants are mono- 
ecious. Male strobi- 
lus is about 2.5 cm 
long and erect. 
Female strobilus is 
solitary and termi- 
nal in position, pen- 
dulous when mat- 
ure. Secdsarc small, 

• 

nearly 0.42 cm in 
length. Wing is 
spatulate. The 
wood is used as an 
important timber 
and the wood pulp 
is used in manufac- 
turing paper. In 
India the trees grow 
between an altitude 
of 2100 to 3300 
metres in the 


vvcsiern nimaiayas. 

Abies Linn— The common species of Abies that grow in India 
are A, pindrow (Royle) Spach, A. spectabilis (D. Don) Spach. A, 

Griff., and ^.rfWava>7Franchet, all of which are tall trees. 

The 6rst two grow in the Western and the latter two in the 
Eastern Himalayas within the altitudinal range of 2100 to 4500 
metres. In Western Himalayas A, spectabilis occurs at higher 

elevation than ^.p/Wrow. Leaves are flattened, linear, notched 

at the apex and spirally arranged. The upper surface of the 

leaves IS dark-green while the lower is shining and silver-white. 

Plants are monoecious, male strobili are sessile and clustered. 
Female strobilus is erect, terminal and solitary. Bracts are ovoid 
and resistant. Wing is round and seeds are nearly 0.84 cm long. 
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The cones break up as soon as the seeds are ripe, leaving the 
persistent cone-axis on the tree. The plants grow gregariously in 
the Western Himalayas between an altitude of 1200 to 3500 metres. 
Abies pindrow is planted near temples. Railway sleepers are 
made from its wood. 

Tsuga Carr. — The only species that occurs in India is T. dumosa 
(D. Don) Eichler. It is an evergreen tree with drooping branches 
and linear leaves possessing knee-shaped stalk, sealed on tuber- 
culate cushion. Upper surface of the leaf is dark-green and the 
lower silvery-white. There occurs a resin canal below the midrib 
of the leaf. Young shoots are light brown. Plants are monoecious. 

Strobili are axillary or terminal, small, round and pendulous. It 

grows between an altitude of 2400 to 3000 metres from Kuraaon 
to Bhutan in the Eastern Himalayas. 



Chapter S 

Taxales 


This group was formerly embraced by the family Taxaceae* ® 
which included besides the present genera of the Taxales, 
members of the Podocarpaceae and Cephalotaxaceae. The order 
Taxales, with a status equivalent to Coniferales, now includes, 
according to Florin^ five genera, namely Taxus Linn, Austrotaxus 
Compton, PseudotaxusChQn%.{=Nothotaxus Florin), Amentotaxus 
Pilger and Torreya Arnott. All these constitute a single family 
Taxaceae. These genera, according to Hui-Lin Li^ and Turrill’, 
haveatotalof I9species viz., Amentotaxus (4spp.), Torreya (6 spp.), 
Austrotaxus (I sp.), Nolhotaxus (I sp.) and Taxus (7 spp.). Palaeo- 

taxus Nath., the only fossil genus of the family, has been reported 
from the Triassic. 


DISTINGUISHING FEATURES— The family is character!- 
sed by evergreen, slow-growing, profusely-branched, long-lived 
shrubs or small trees. The acute leaves are spirally arranged on 

the branches. The leaves gradually taper at the apex to a horny 

point. Secondary wood is compact and pycnoxylic, possessing ter- 
tiary spirals on the walls of tracheids (fig. 8-3). Resin canals are 

absent to the Taxales. The reproductive organs are very different 
from those of true conifers. The male flowers occur singly in the 
axils of foliage leaves or bracts, and are characterised by interming- 
ling of sterile scales with the sporophylls (stamens). The floral axis 
has a number of decussate scales at the base and above these the 
sporophylls are arranged in whorls . These sporophylls may be 

1. Coulter, J, M. and C. J. Chamberlain 19lo! 

2, Florin, R. 1948. 


3. Dallimore, W. and A.B. Jackson 1948. 

4. Hui-Lin Li 1952. 

5. Turriil, W. B. 1959. 
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radially symmetrical e.g., Taxus or dorsiventral e. g., Torreyoy 
Amentotaxus. The female flowers occur, in the axils of leaves or 
leaf scales on secondary fertile dwarf shoots (Ta;cwj) or on long- 
shoots. The ovule, in contrast with the conifers, is borne in 
direct continuation of the floral axis. Fruits consist of erect bony 
seeds surrounded by a fleshy aril, the embryo is dicotyledonous. 

TAXUS Linn. 


SYSTEMATIC POSITION— 

Order — ToxaUs 

Family — T axaceae 
Genus — Taxus 


The genus Taxus, according to Engler and PrantF, includes a 
single species T. baccata Linn. Pilger' regarded that this species 
differed widely in habit and foliage in different countries. Dalli- 
more and Jackson* include 9 distinct species under this genus 
v\z.,T. baccata Unw. (with 38 varieties). T. brevifoUa Nuitall. 
T. canadensis Marshall (with 2 varieties) T. chinensis Rehder. T 
cuspidata Siebold and Zuecarini (with 7 varieties), Tfloridana 
Chapman, T. globosa Schlechtendal, T. hunnewelUana Rehder and 

T. media Rehder. 

GEOGRAPHICAL DISTRIBUTION— is widely distri- 
buted in the Northern Hemisphere. It occurs in North America, 
England, Europe, China. Japan, Burma Malaya, North Africa 
and North India. In India, Taxus grows both in the Eastern as 

well as the Western Himalayas, in the Khasi and Naga hills, and 
Manipur at an altitude of 1800 metres or more above the sea 
level. T. wallichiana Zucc*. a narrow-leaved Himalayan form. 


is specifically not very distinct. 

morphological fE\TVRES-Taxus baccata, com- 

monly known as the ‘yew’, is a tall, evergreen tree that grows .n 

the Himalayas. It usually attains a height of 9 to 12 metres an 
is long-lived. The plant has a columnar Uunk with branche s 

Engler, A and K. Prantl 1889. 


2. Pilgcr. R. 1926. 

3 Dallimorc, VV. and A. B. Jackson 1948. 
4. Raizada. M. B. and K. C. Sahni 1960. 
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that grow horizontally to form a dense canopy. The plant 
possesses a long tap root. 

The*spirally arranged foliage leaves are 2 to 3 cm long, narrow, 
flat with prominent midrib and recurved margins (fig. 8-1). The 
upper surface is shining and dark-green in colour while the lower 
surface is pale or rusty-red in colour. The scale leaves on the 

fertile shoots are opposite and decussate and 
they are shortly petioled. Leaf-bases are per- 
sistent and they appear to form ridges on the 
shoot. Leaf apex is sharply pointed because 
of the accumulation of mineral crystals. 

HISTOLOGICAL FEATURES-Histolo- 
gically the stem of Taxu% resembles with that 



Fig. 8 — 1 A twig of 
Texas biceata with 
leaves and seeds 
(After Wcttstein). 


of Pinus in many respects. It possesses a thick 
cuticle, a single-cell thick epidermis, sclerenchy- 
raatous hypodermis and multilayered cortex. 
Vascular bundles are arranged in a ring. 



Fig, 8 2 T. S. of thestem of Toxui iaaeftf with sccondaiy tissues and a 

lingle leaf trace. 
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IS endarch and is made up of tracheids. Phloem consists of sieve 
cells and phloem parenchyma. Pith is small and is situated in the 
centre. Secondary growth is initiated by the activity of the cambium 

present in the vascular bundles, which cuts off secondary xylem and 

secondary phloem on the inner and the outer sides respectively. 
Xylem rays are narrow and homogenous. Extra-steler secondary 
growth takes place by the activity of phellogen or cork cambium. 
It cuts rflf phellem on the outer and phelloderra on the inner sides. 
The stem of Taxus differs 


from that of Pinus in the 
absence of the resin canals. 
Further, the tracheids of the 
secondary wood of Taxus 
possess spiral thickenings 
(fig. 8-3). 

The root of Taxus is 
diarch; it lacks resin canals, 
otherwise, it resembles the 
root of Pinus. 

The leaf of Taxus is 



Trochoid 
Bordered pit$ 


Xylem Roy 


Spirol bonds 


Fig. 8 — 3 R. L. S. of the wood of Taxus 
baceata showing a biseriate rredullary ray 
and spiral bands of thickenings on the 

tracheids. 


dorsiventral. It is surroun- 
ded by a thick cuticle on the dorsal and the ventral surfaces (fig. 
8-4). Stomata are sunken in pits and occur only on the lower 


Cuticle 


Phloem 


Upper Epidermis 

Palisade 
porenchyma. 



Spongy porenchyma / Endodermis 

Lower Epidermis fronstusion tissue 


Fig. 8 — 4 T. S. of leaf of Taxitr idreoro showing palisade 

and transfusion tissues. 

surface of the leaf. Resin canals arc absent. The mesophyll is 
differentiated inio palisade and spongy parenchyma. A single 
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vascular bundle, which constitutes the midrib, is situated in the 
centre of the leaf. Lateral veins are absent but transfusion tissue 
occurs on either side of the vascular bundle (fig. 8-4). 

LIFE-HISTOHY 

The plants of Taxus are dioecious, i.e., the staminate sirobili 
and the ovules arise on two different plants. But for the reproduc- 
tive structures, which become prominent in the months of February 
and March, the male and the female plants are otherwise similar. 

Male flowers— The male flowers, usually yellowish in colour, 
arise in the axils of foliage leaves*. They arise in stalked globose 
heads from the axils of the leaves on the undersides of 
the branchlets of the previous year. Each male flower consists of 
6 to 14 stamens with short filaments, anther scale peltate-. 

The stamen at its apex 
bears 6 to 8 peltate an- 
thers orraicrosporangia(fig, 
8-5A to C). Dupler^ observed 
that in T. canadensist the 
flower buds possess a broad 
apex, a character in which 
they differ from the vegeta- 
tive buds. 

Stamen — Each stamen 

( = microsporangiophore) 

consists of a short stalk 

below and peltate shield-like 

apex above (fig. 8-5B). On 

the underside of the shield 

there arise 6 to 8 anthers 

, (= pollen sacs) which are 

united to one another and to the stalk of the stamen (fig. 8-50 

& 8-6). Pollen grains (-microspores) are released by the break- 

1. Florin, R. I94a7~~ ^ ~ 

2. Dallimore, W. & A. B., Jackson 1948. 

3. Dupler, A. W. 1919. 



Fig. 8 — 5 Male reproductive organs of 
Taxus baceala A— a branch with a male 
flower possessing stamens (microsporan- 
giophores) and sterile scales (After Wet- 
tstein); B— a male flower shown deta- 
ched from the plant (After Beissner)- 
Oa stamen (microsporangiophore) witli 
pendant inicrosporangta(After Beissncr). 
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ing open of the wall of the pollen sac nearest the axis. Dispersal 
of pollen grain takes place by wind. 

The wall of the microsporangium is two-layered. Tapetum 
develops from the peripheral layer of the sporogenous tissue. The 
epidermis of the microsporangium is thin-walled at the base. 
Dehiscence of the microsporangium occurs by the rupture of its 
cells on maturity (fig. 8-6) and by the elongation of the stalk of 
the stamen (microsporangiophore). This elongation results in the 
pushing up of the stamens beyond the bract scales (=scale 
leaves). 

Microsporogenesis — The archesporial initials are hypodermal 
in origin’. The number of these initials varies from 4 to 8. The 
development of microsporangium is eusporangiate. Microspore 
mother cells (=pollen mother cells) are formed in the month of 
October in T. canadensis and as a result of meiolic division, 
microspores (= pollen grains) mature two weeks later. 

Vascular supply of the male strobilus — The vascular bundles 
supplying the male or staminate strobilus are collateral and 

endarch but as they reach 
the apices they become me- 
sarch, occasionally indicat- 
ing even exarch position*. 

The terminal portions of the 
vascular bundles are con- 
centric. 

Female (ovulate) strobili — 

These arise in the axils of 
leaves early in one season 
and mature in the next. The 
female strobilus consists of 
a short primary axis bear- 
ing a closely imbricated suc- 
cession of sterile scale leaves 
(fig. 8-7A&B). From the axils of the upper three scale leaves 

arise the secondary axes or fer tile ovuliferous shoots (flowers). 
1. Dupler, A. W. 1919. 


groifli) 




Srtvvft 



Fig. 8—6 V. S. of the male flower 

o^Taxus baccatd showing a dehisced 
nert It m 2m d other details. 
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Dupler* resards the primary axis as a vegetative branch of limited 
growth bearing only reproductive or secondary axes. The pri- 
mary axis persists and is functional for several seasons. The 
secondary axis or fertile shoot (female flower) bears 3 pairs of 
decussate scale leaves and a terminal ovule (fig. 8-7B). The 
lower pair of scale leaves is at right angles to the subtending 
bract. The growth of the apex of the primary shoot is usually 
suppressed but occasionally it proliferates after the formation of 

the seed and produces a secondary axis bearing an ovule in the 
coming year (fig. 8-7 F). 

Ovule(niegasporangium)— The ovule bears two lateral ridges, 
ft is a round or oval structure. The number of ridges may rarely 
increase to 3 or 4^ The ovule is surrounded by a thick envelope 
which forms a long micropylar canal above the nucellus (fig. 8-7D). 


Bronct) 


demote gomctophfte 
Leotci 0’“'* 

Scoles 


Aril 




Mkropyle 
Envelope 


Ovule 

Apes ot 
Moil) osts 


Broct 




tmbnro 
Developing Anl 
Sterile brocn 


Vosculor lupply Vosculof supply 

, Seed 



Segiee 


with a terminal ovule (After WcttsteinP C-Il q if rk strobilus 

a greenish saucer-shaped out- 

growth about the t.me of pollination of ovule, i, becomes fleshy, 

ovule This outgrowth later surrounds the entire 

^^andis commonly called an ‘aril’ ora ‘cunule’ (fiv R.vr 

f I m rrr: v &• » 


1. Dupler.A.W. 1920. 

2. McLean, R. G. & W. R. Ivtacy Cook 1962. 
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D Sc G). The morphological nature of the cupule is coniroversiah 
Some morphologists consider it to be the second covering of 
the ovule like the ‘epimatium’ of the Podocarpaceae, while others 
regard it as an outermost part of the envelope or integument. 

Vascular supply of the ovule — The ovule receives its vascular 
supply directly from the axis. The vascular bundles of ihe enve- 
lope penetrate the stony layer at its base. Two bundles after 
penetrating the stony layer bend into a thickened knee-like flexure. 
Sahni* pointed out that the flexure was a place at which the vanish- 
ed nucellar strands were formerly given off in the Cordaitales 
(fig. 8-7D). 

Megasporogenesis — The archesporial initial is hypodermal in 
origin and archesporial tissue can be easily recognised when the 
ovule is young. The initial divides periclinally to form a primary 
wall cell and a primary sporogenous cell; the latter by repealed 
divisions forms a considerable mass of sporogenous tissue. Only 
the lowermost one or rarely two cells of this sporogenous tissue 
function as raegaspore mother cells. Each mcgaspore mother cell 
divides meioiically to form a linear tetiad of 4 cells, the lower- 
most cell developing into a female gametophyte ( = embryo sac). 
The upper three cells usually disorganise. In rare cases two female 
gameiophytes may be produced in the same ovule. 

i*ollination— It usually takes place in the month of March. 
Uninucleate raicrospores (=pollen grains) are shed from the 
microsporangium fig. 8-8 A). The microspores after dispersal 
by wind reach the apex of the micropyle. The latter secretes a 
drop of fluid, ‘the pollination drop’ for catching them. The pollen 
grains are sucked inside and a little later they germinate. The 
exine of the microspore ruptures and the intine grows out as a 
pollen tube (fig. 8-8 D & F). This penetrates through the tissue 
of the nucellus when the archegonia are organised. 

GAMETOPHYTIC generation— The microspores and 
the megaspores represent the earliest stages of the male and the 
female gametophytic generations respectively. 


1 , Sahni, B. 1920. 
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Male garaetophyte— Microspores are formed in autumn or in 
early spring and they are uninucleate when shed. Each micro- 
spore is protected by two walls, the outerthickcr iscallcdtheexine, 
and the inner thinner, the intinc (fig. 8-8A&B). The pollen tube 
penetrates the nucellus rapidly and enlarges. The microspore 
nucleus divides to form two cells, the lower of these is called 
the tube cell and the upper one, the generative cell (fig. 8-8C). 0 




Gcn^rotivc 

Cell 


Tube Nucleus 


/ 


/ 



uccilus 

^ Spermotogenoui Cell 


■I I I 

dpe^mo togenous ) 
CcU ' ■ ^ 





■PoUcn Tubc-"^ 


Srcnle Nucleus H 
Nucleus 



Fcmole Cametophyle 



Tube Nucleus 


Fig. 8—8 Development of male gametophyte in Taxus canedemis 

r shedding; B-first division of microspore ; 

C—formation of a generative cell and a tube nucleus: D— division of the Sne 

JToir^tube^E elongation of, he 

mbe% into ti'C pollen 

nucellur ® female gametophyte and pollen tubes in the 

sDcrmamJ^i^. spermatogenous cell with the sterile and tube nuclei- H— 

spermatogenous cell dividing; I-iwo unequal iralc cells formed by the division 
0,^*1 II- , „ of the spermatogenous cell (After Dupler). 

ProthalUal cells have not been observed in Taxus. The genera- 
tive cell later divides into a sterile cell and a spermatogenous cell 
(fig 8-8D&E). The spermatogenous cell finally forms two unequal 
male cells (fig. 8-8H-I). Thus only three divisions take place in 
the development of the male gemetophyte of Taxus. The unequal 
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male cells (^gametes) are nonflagellate. The tube cell, sterile cell 
and the two unequal male gametes all may be present at the tip of 
the pollen tube at the time of fertilization (fig. 8-8). 

Sterling* suggested the following scheme for the development 
of male garaelophyte in Taxus. 


Generative ce 1 


Spermatogenous cell 
( = body cell) 


Embryonal cell 

(functioning as antheridial initial) 
\ 


Sterile cell 
(=stalk cell) 


Tube cell 


Male cell (gamete) 


Male cell (gamete) 


Female gametopbyte— The nucleus of the female gametophyte 
(==embryo sac) undergoes free nuclear divisions. According to 
Sterling'^ in T. cuspidata free nuclear stage of the female gameto- 
phyte is characterized by the assumption of a fiask-shaped form of 
the sac and the aggregation of most of the nuclei and cytoplasm 
at its basal end. The wall formation is initiated at 256, frec-nucIear 
stage and proceeds by means of open ingrowing alveoli. Dupler^ 
observed in T. canadensis that after free nuclear stage radial walls 
are formed before the periclinal ones which close the cavity (fig. 
8-8F). The cells of the female gametophyte are uninucleate in 
the beginning but become multinucleate afterwards. Archegonia 
appear later in the female gametophyte towards the micropyle. 
Their number varies from 5 to 1 1 in r. baccata^ 4 to 8 in T. cana- 
densis, 6 to 25 in T cuspidata. This number varies from 4 to 25 
in other species. The neck of the archegonium is made up of 
2 to 4 cells. Often the gametophytic tissue proliferates round the 
archegonia; thus the archegonia become seated in deep piis. Each 
archegonium consists of a neck and a venter. The venter possesses 
a central cell («egg) and probably no ventral canal nucleus. The 


1 . Sterling, C. 1963. 

2 Sterling, G. 1948, 

3. Duplcr, A. W. 1917. 
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nutritive jacket round the archegonium is indistinctly differentia- 
ted according to Sterling.* 

Fertilization— It usually fakes place about I to 2 months after 
the pollination. As the archegonia mature, the pollen tubes lying 
in close vicinity in the hollow cavity, rupture and liberate the 
two unequal male cells. Only the larger of the two male cells 
according to Dupler-', fuses with the egg or the central cell and 

forms the zygote. The other smaller male cell, the tube cell and 

the stdlk cell ultimately degenerate. 

development of the EMBRYO-Several archegonia 

tn an ovule may be fertilized but only one generally develops into 

zvaoT^'^H ““^" 80 ing a period of rest the 

zygot undergoes free nuclear divisions. Wall formation begins 

after 32.nucleate stage and a proembryo is formed. The cells of 
the proembryo divide further and get arranged in three tiers- the 

o°mo‘n Sis f° middle’one 

of 9 to n cells forms suspensors. The cells of the middle and 

P“shing down the embryonal tier 
tato the endosperm or the female prothallus. The uppermost or 
open tier is made up of 9 to 13 cells Ppermost or 

may occur when more than one archegonia are ferUlTzedSt 

cleavage polyembryony is not known. are fertilized but 

Structure of the seed-The seed of ra.*uwflos 8 1*8 • 

tected by a three layered seed-coat is pro- 

and brown. Which soon detaches Jayeristhin 

2. Dupler, A. W. 1917. 
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the normal foliace leaves. The foliage leaves arise in the coming 
year and are traversed by a single vascular bundle. 

OTHER GENERA OF TAXACEAE 

Torreya occurs in California, W. Florida, China and Japan. 
Afii^fitoiQxus is found in Western China and Assam. Au-^trotoxus 
aad Noihotaxus {- Pseudotaxus Cheng) are monoiypic and are 
found in New Caledonia and China respectively. 



Chapter 9 

Q n e t a I es 


GENERAL CHARACTERS— The Gnetales include woody 
plants which are regarded to be the most highly evolved amongst 
the gymnosperms. They resemble the angiosperms inceriain mor- 
phological and histological features but in the absence of an ovary, 
style and stigma and in their method of pollination they are still 
gymnospermous. Further, in the Gnetales true fruits are not 
formed as in the angiosperms. The Gnetales possess characters 
which are enumerated below : 

The plants are either xerophytic or mesophytic. Welwitschia 
occurs in desert. Ephedra in arid situations and Gnetum in humid 
and tropical regions. Leaves are opposite, simple, elliptical, 
{Gnetum), strap-shaped orreduced to ^QQ\es{Ephedra). 
Xylera consists of tracheids and true vessels which are sometimes 
quite elaborate. The strobili are compound and resemble angios- 
permous inflorescence. Female flowers possess a single erect 
ovule. The male flowers possess perianth and anthers. Perianth 
is distinct and occurs in one or two whorls. Pollination is mostly 
anemophilous, sometimes doubtfully entomophilous as in Gnetum. 
The male cells are passively carried through a pollen tube. i. e..' 
the fertilization is siphonogamous. The endosperm starts develop- 
ing before fertilization and is still haploid unlike that of the 
angiosperms where it is a post-fertilization product and is generally 
triploid. The embryo possesses two cotyledons. 

is divided into 

three families, vi z., the Ephedraceae. the Welwitschiaceae and 

1. Markgraf, Fr. 1926 ~ 
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the Gnetaceae, and each family has a single genus, Ephedra^ 
Welmtschia and Gnetum respectively. Eames* has raised the 
above three families to the rank of orders and calls them Ephe- 
drales, Welwitschiales and Gnetales. 

EEHEDRA^J^. 

^YSJEMATIC PjOSITION- 

(OrdcT — Gnetales. 

Fa m i 1 y — Epkedraeeae 

Genus — Ephedra. Tourn ex. 

Eames^ places Ephedra under the family Ephedraceae. Panl^ 
keeps Gnetum and Welwitschia together under the division Chlamy- 
dospermophyta of Pulle but places Ephedra separately under 
the Coniferophyta. 

tributed in both the Eastern as well as the Western Hemispheres. 
It grows in the Southern part of North America, central part of 
South America^North Afr jca, Portugal, Sp^in; Germany, France, 
Italy, Iran, China, Baluchistan, Afghanistan, etcy Ephedra foliata 
var. ciliati gr.> vs wildly as a scandent shrub climbing over 
small trees in the sout^’ern part of the Punjab planes and Rajas- 
than. It is generally cultivated in gardens in-other places. 

A B IT ^ Ephedra includes nearly 35 species of which about 6 
occur in India, ^he plants are xerophytic shrub^ E- foliata 
Boiss. attains a height of about six metres and it thrives well 
in arid climate. A few species are climbers. E triandraT\x\, 
attains a tree-like habit under favourable conditions. 

DISTINGUISHING FEATURES OF THE INDIAN 
SPECIES -Species of which occur in the North-West 

Himalayan region are all shrubby except E. foliata which is a 


Eames, A. J. 1952. 
Willis, J. C. 1966 
Eames, A. J. 1952. 
Pant, D. D. 1957. 
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climber. The shrubby species may be identified as under* : 
Tubillus twisted 

Seed 2 to 3 mm long ; brads of female strobilus connate 
in the lower one-third. pachyclada Boiss. 

Seed 5 to 6 mm long ; bracts of female strobilus connate 
in the lower two-thirds . E. intermedia Schrenk et 

(C. A. Mey) var. tibetica Stapf. 

Tubillus straight 

Tubillus not more than 1 ram long 

Strobilus 10 mm long; seeds 4 to 6 mm long ; tubillus 

0.5 mm long saxatiUs Royle var. sikkimensis 

(Stapf.) Florin. 

Strobilus 5 to 8 ram long; seeds 4 to 6 mm long; tubillus 

1.0 mm long.. E. gerardiana Wall. 
Tubillus 1.5 to 3.5 mm long. 

Branches very smooth ; strobilus 5 to 7 mm long; 

seeds 4 to 7 mm long nebrodensis Tin. var. procera Stapf. 

Branches smooth or scaberulous; strobilus 7 to 10 ram long; 


seeds 3.5 to 4.5 mm long...E. regeliana Florin. 
M»RPH«L«GtCAL FEATURES-^The plant has a pro- 


fuseiy branched stem. In young stages the stem and branches are 
greera Leaves are small, scale-like and inconspicuou^(fig. 9-1 A& 
B). (They usually arise in opposite and decussate manner but in a 
few species they may be arranged in whorls of mostly three (rarely 
four) at each node. Scale leaves are united at the base to form a 
i-feasal sheath. Branches usually arise from the axils of leav^ 

jllSTOLOGlCAL FEATURES — |r he leaves are much re- 
duced, therefore, th^stem is the main photosynthetic organ. The 
outer surface of the stem is ridged. Stomata occur in the furrows 
between the ridges and are deeply sunken in pits. Epidermis is 
thick-walled and is covered over by a thick cuticl^ (fig. 9-2).C^At 
the ridges, groups of fibre cells are present in the hypodermal 
region. The cortex is differentiated into an outer palisade layer 
and an inner spongy tissue. The cells of both these reglons possess 
chloroplasts. Cortex is followed by a single cell thick endodermisin 
young stages. Pericycle is n ot distinct. Vascular bundles are 

1. Bor. N. L 1953. 
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arranged in a rin^ (fig. 9-2).C They are endarch and collateral. 
Cambium is present between the xylem and the phloem. Pith is 
usually parenchym^ous but at nodal regions, it is lignified to form 
transverse plateO( Each internode usually possesses 2 pairs of 
leaf-trace bundl^ and 4 stem bundles (total s'h Each leaf, accord- 
ing to Marsden and Sleeves*, is supplied with 2 leaf trace bundles. 

There is thus a double leaf-trace similar to that of the pterido- 

sperras. (Tn Ephedra the root is usually diarcfe 



pjg 9 1 Efthcdra sp. witli scale leaves and reproductive organs ' — A twig with 

male strobili; B — A twig with female strobili. (After Foster and Gifford). 

^-^^econdary growth-secondary growth takes place as a result 
of cambia^activity. Annual rings are formed in the secondary 
wood. Xylem rays when young are thin and uniseriate 
but they become multiseriate and broad when old. Tracheids have 


1, Marsden, M. P. F. and T. A. Steeves 1955. 
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a single row of bordered pits with crassulac on their radial as well 
as on the tangential walls. Transitional stages showing the 

P\//\ln#frtn C 


evolution of vessels from 
tracheids can also be obser- 
ved^ These stages point out 
an independent origin of 
vessels in £p/tedra^^^essels 
are qmte abundant/(fig. 9-2 
&3Xin the spring wood, 
though they are scarce in the 
autumn wood. A few cells 
with stellate crystals of 
calcium oxalate are also 
present. Outside the secon- 
dary phloem arises the phel 


^hotos^nihcfic rtisue 

^ 





Epidermic 
Hypodcfma/ 

SffOrxlj 

Coffcir 

S<^condcr)r 
fhfocm 

^rJemRoy 


Secondary 

Xylem 


Primory 

diets 


Pith 

9—2 T* S, of stem of E{>hedra folicta 
with secondary growth. 


I • 1 ^ with secondary growth, 

logen in (he third or fourth year of the growth of the plants.^) 

^he leaves of Ephedra have double leaf-trac) like those of the 

that th Marsden and Sieves* observed 

that the two traces are related to a single.gap. fhe develSent 

oT stomata in Ephedra is 



PhotoUrWheHc tissue 

'Xyfcm Vesufj 

Xylem Hache'de 





1. 

2. 

3, 


4. 


Mandcn, M. P. F. & T. A Steeves 
Mabeshwarj, P. Sc V, Vasil iQKi” 
Sceliger, I. 1924. - 

Gifford. E. M. 1943. ^ 


haplocheiliA which is in 
contrast to 'that of other 
two genera where it is 
syndetocheilic. In G. gne- 
mon, Maheshwari and ’ 
Vasil- have observed both 
the types of development 
(fig. 9-17). 

^ SgOOT APEX- ln £. 
ffpgilis Desf. var. campylo- 
poda (Seeliger)^ and £. 
ahissima Desf. (Gifford)* 

obs_euied.the well-marked 
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tunica layers in their shoot apices. The shoot apex \n Ephedra, 
like that of Gnetum, is thus relatively advanced over that of theother 
gymnosperms and points towards the angiosperm-Iike condition.^ 

u ^LIFE-HlSTOR Y 

(_Ephedra foliata and other species of EpheSra are dio^ious^ 
Pearson* observed a few instances where male and female strobin 
were borne on the same plant*; Earnest regards these as ‘mons- 
trosities*. 

M ale strobilus-VT he male or microsnorangiate strobili deve- 
lop in the axils of leave^ (fig. 9-1 A), u'hey arise in whorls of 
2, 3 or 4 from the nodes of branches. Each strobilus possesses a 
central axis on which are borne 2 to 8 pairs of opposite and decuss- 
ate bracts. The lower one or two bracts of the male s^obilus 
are sterile while the upper ones are fertile^fig. 9-1 A).C In the 
axils of the fertile bracts arise the male flowers. Usually only 
one male flower arises in the axil of a brac^ 

Male flowers -Yfe^^It male flower is axillary and consists of an 
axis (= antherophore) and a pair of thin opposite scales. The 
scales (= bracteoles) have been interpreted as ‘perianth*. The axis 
at its apex bears 1 to 8 anthers ( = microsporangiaj) The floral axes 
oi E. distachya Linn, and E. intermediaSchTenk ^^ave been regar- 
ded as primitive by Eames^ He also believes that the axis is formed 
here as a result of th^usion of a pair of microsporophylls. 

Microsporangia— (The microsporangia or anthers, situated at 
the ap^x of the antherophore, have also been referred to as 
‘synangia*. They possess 2 to 3 loculi. Each loculus opens through 
a terminal slit to release the microspores or pollen grains^ 

Female strobili-/The female or megasporangiate strobili also^ 
arisrin whorls of 2. 3 or 4 in the axils of the leaves at each nodo^ 
(fig. 9-1 B). ^ach female strobilus is an elongated structure poin- 
ted at its apex.)(lt consists of a central axis with 2 to 4 or more 
pairs of opposite decussate brac^(fig. 9-1 B & 9-6 A). (The bracts 
in a few species of Ephedra are swollen and juicy. Most of the 
bracts are-'sterile except the apical one or two, which bear a single 

female flower in their axil) 

1. Pearson, H. H. W. 1929. 

2. Eames, A. J. 1952. 
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pairs of opposite decussate brac^(fig. 
in a few soecies of Ephedra are swoll 
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Female flowers ^ Each female flower possesses a short stalk, 
which at its apex bears an ovule or a megasporangium. Each 
flower arises in the axil of a fertile bract^ 

Megasporangia -^hc megasporangium or the ovule consists 
of a centrally-situated nucellus enclosed by a two-layered envelope 
(fig. 9-6 B). Ontogenic studies and vascular anatomy reveal that 
/^e outer layer of the envelope is equivalent to a pair of fused 
b'ract^. Earnest therefore, advances a hypothesis that^he ovule 
in Ephedra is borne at the apex of a much reduced basal mega- 
sporophyll which is surrounded by a'pair of bractj)(fig. 9-6 A). 

wari 

<^ccording t 

in origin liice ^o se of th e coni f e rs . wens, as 

a result of periclinal divisions, form the primary parietal cells 
and the centrally-situated primary sporogenous cells. A single 
cell thick wairiayer is cut off from the primary parietal cells, which 
also give rise to tapetum. The primary spoj-Qgenous cells ulti- 
matelyform microspore mother cells. Du^inT^he formation 
of microspores the tapelal cells become 2 to 4 nucleate The 
microspore mother cells, asj-cestrft-of meiotic cRvisrons' form 

Ea^li microspore possesses two walls ; the outer 
thick wall IS called the exine and the inner thinner one, the intine 
Microspores are boat-shaped and unwinged. The pollen grains 

.“ir SpSLSf 

J ^gasporogenesis-^ he ovule in the young stage consists of 
a ceatrany-aliuaTed nucellus surrounded by a two-layefed envelope 

At maturity, the inner layer, for about a half of its lenatrfX 
the base, fuses with the nucellus while the upper half remain^ 
f^this part elongates to form a long micropylar canal 

in origin S 


^ This“ceu divides pe“ricli„;il7a"„dcut:offs:;frL1 
cTcl?s‘\^o Ye/p^“';S^ 

tTad" a iincar o'j .T^^h^p^/d^ 

deve lops inti a femaleStopSlefe. 9 4 "dt " 

1. Eames, A. J. 1952. ~ ~ — — ___ 

2 . Land, W.J. G. 1904. 

3. Maheshwari, P. 1935. 
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Nftcellus 


Megospure 
'nofhcr cell 


Ditiding megospore 
mother ceM 



4 hoploid 
Meggspores 


Nucellu» 



Functional mcgasporp 
D ' wi|h 4 nuclei 

Fig. 9— I Megasporo- 
genesis and female 
gametophyie of Epht- 
drajoliat '2 (After Ma- 
heshwati ) A-A single 
megaspore mother cell; 
B-A rnegaspore mother 
cell undergoing mcio- 
tic division; C-A tet- 
rad of iiiegaspores; 

D A tetranuclcatc 

functional rnegaspore. 


^ ^GAJVIETOPHYTIC GENERATION— 
(The microspores an3 The megaspores 
represent the earliest stages of the male 
and the female gametoph^s^ 

Male gam etopb>te-^T he microspore 
nucleus, soon after its formation inside 
the microsporangium, undergoes four 
successive divisions. - Two prothallial cells- 
(one of which is not demarcated by a wall) 
are formed by two successive divisions (fig. 

The anlheridial initial^ as a 
result of the third division, forms a tube 
nucleus and a generative or anlheridial 
nucleus 5 C & .D). The latter divides 

again to form a sterile cel] nucleus and a 
spermatogenous cell nucleu^ (£ g . -9-5— E 
^he microspores are now shed from 
the microsporangium at this 5-nucIeate 
stag^(fig. 9*5 F) whereas, raicrospores of 
Welwitscliia and Gnetum are shed at 3- 
nudleate stage. 

According to the observations of 
Maheshwari*,the malestrobilusin E.foliata 
at Agra appeared in the first week of 
January and the shedding of pollen started 
from the second week of February and 
continued till the end of March. The 
(lowering and fruiting periods may some- 
times vary with the variations of the 

climate. f 

Femsle ganietophytc — With the 

initiation of the development of female 
gametophyte, the rnegaspore undergoes free 
nuclear divisions^ Land" couhled nearly 
256 nuclei in E. trijurca while MaheshwarF 


]. Maheshwari, P. 1935. 
2. Land, VV. J. C. 1904. 
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Anthcridial 
tniliot 


Second 

Proth.tliol Ceil 



observed about 500 nuclei in E. foliata before the walls were 
laid down, (ks a result of cell walU formation the female game- 
tophyte becomes cellular, the lower zone forms the food storage 

tissue while in the upper micropylar zone develop the archegonia^ 
(fig. 9-6 Q.^The' number of archegonia varies from I to J)(3 in 
E. foliata and 2 or 1 in £*. trifurca). (^Each archegonium is formed 
from a single superficial cell 
at the micropylar end of the 
female gametophyte as in 
the conifers. The ‘ archego- 
nial initial, as a result of 
periclinal division, forms an 

outer primary n^k cell and 

% 

an inner central cell. The 
primary neck cell divides 
to form a long neck, 30 to 
40 cells in heigl^(fig. 9-6 C). 

(The divisions in the begin- 
ning are regular and hence 
the cells of neck a e arranged 
in regular tiers, but later the 
divisions become irregular^ 

According to Land^he nedc 
of the archegonium in Ephe- 
dra hxht longest amon^the 
living gymnosperms. ^The 
central cell forms a Antral 
canal • nucleus and an egg 


First ProtholHol Cell 


Tube Nucleus 



Gencroti.c Cell 

Spermotogenous Cell 


Nucleus of 
Sterile Cell 


Fig. 9—5 Development of malegame- 
lophyte in Ephtdra trifwca A— Formation 
of first prothallial cell; B— Formation 
of second prothallial cell; C— Livision 
of antheridial iniliaU D— Formation 
of the generative cell and the tube nu- 
cleus, E — Division of generative cell • 

^ “"^^^^niation of sterile and sperma- 
togenous cell nuclei (Alter Land). 


aucleus. The ventral canal nucleus sometimes degenerates soon 
after lU formation. The cells situated around the central cell 

PouHaSX'” archegonial jacket 

.PoUmation^As in other gymnosperms pollination 

IS anemophilous. The pollen grains with five nuclei Afig ^ ^t 

hand, W. J G. 1904" ^ 
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chamber is formed by the disorganisation of the ceils of the 
nucellus above the female gametophyte. Pollen grains germinate 
within a few hours of their entry into the pollen chamber. The 
exine ruptures and a pollen lube is formed^ 

Fertiliz ation -(The microspore germinates inside the pollen 
chamber. The exine ruptures and the inline elongates to form a 

pollen tube. Spermatogenous 
cell ( =body cell ) nucleus 
divides to form two unequal 
male nuclei. By this time the 
prothallial cells degenerate. 
The pollen tube . pierces its 
way into the neck cells of the 
archegonium and ultimately 
it bursts apically. The tube 
nucleus, stalk cell and the 
two male nuclei are then 
released into the cytoplasm 
of the mat^ eg^ Land* 
states that^rtilization occ- 
urs 10 hours after pollination 
in E. trifurca. The egg at the 
time of fertilization is sur- 
rounded by a cytoplasmic 
sheath. Usually a male 
nucleus fuses with the egg 
nucleus and a zygote is forme^ 

In E foliala Khan^ noted that (the second male nucleus 

-pp.. - 

common cha mber.^ 

1. Land, W. J. G. 1907. 

2. Khan. R. 1943. 



Fig. 9— 6 Ovule and thefeinale game- 
tophyte of A— L.S. of thr 

female Urobilus with two young ovules 
enclosed within the bracts; B — L. S. ot 
the ovule (magnified) ; G— L. S-t 
upper part of the female gametophyte 
with two archegonia (After Mahesh- 

wari). 
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dividing nuclei 




Suspen$or» 
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According to Maheshwari* the number of chromosomes in a 

mature egg is 7 in most of the species of Ephedtn. 

deve lopment OF THE EM BRYO-jrhe zygote nucleus 

undergoes free nuclear division^ 

in E. trifurca and E. Joliata. 

• « & ■ - 


eSuch divisions end with the for 
mation of 8 diploid nuclei which 
get surrounded by walls around 
them. This eight-celled stage is 
the ‘proembryonal stage*. These 
proembryos later develop into 
full embryos. Hence in Ephedra 
precocious cleavage polyembryony 
^^kes place./ Land- observed that 
/^nly the cells of the lower part of 
proembryo ultimately develop into 
embryos, but Khan® observed that 
out of the 8 cells of proembryo, 6 
were embryos in different stages 
of development (fig. 9-7 A). In 
E. foliata Khan* noticed that 
(proembryonal cells develop tubular 
protuberances called *suspensor 
tubes*,4fig.^j_B). The nuclei of 
these tubes divide into two, one of 
which migrates to the tip of the 
tube, the others remaining in the 
middle. A transverse partition 
later divides the embryonal initiaT 
from the elongated suspensor cell) 
Secondary suspensors have also 
been observed in £. trifurca Aht 
embryonal initial later develops 
into the embryo. It undergoes a 
transverse division forming 2 celji^ 
(fig. 9-7 C &D), ap ical cell n^ 

1. Maheshwari, P, 1^5 



Embryo initiat 

Three cells formed 
trom embryo inifiol 
Nucellus 
Embryo 

female 
gametophyfe 



Cotyledons 
Broci 


Fig. 9 — 7 Stages of embryogeny 
and the structure of seed of 
fphtdra foliata (After Khan). A- 

f oV- embryo with 5 (out 
ofS) proembryos; B— L. S. of 

?“ '^hh 6 preembryos 

indifferent stages of develop- 
ment; C &D — Dev lopment of 
embryo: E-L. S. of a mature 
seed with internal details. 


2. Land, W. J. G. 1907. 3. Khan. R. 1943 
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divides vertically, thus three cells are formedj(fig, 9-7 D). (^ulti- 
cellular secondary suspeirsor is formed fro'm the cell next to the 
susper sor cell. The two cotyledons and the shoot apex develop 
from the lower end of the embryo^ Khan^ observed 18 to 19 
embryos in different stages of development in a single ovule. He 
interpreted the occurrence of such a large number of embryos 
as the result of Recombination of simple as well as cleavage 
polyembryony. (Out of the several embryos developing in a seed, 
only one ultimately matures while others perishJ 

seed of Bi foUata , consists of two 
large cotyledons which remain embedded within the tissue of the 
female gametophyte. are two distinct seed coats derived 

from the two layers of envelope. With the development of the 
seed an additional thick and fleshy layer also develops round 
the seed; this is formed by the fusion of the subtending bracts 


of the strobilus. Thus a mature seed of Ephedra has three distinct 
protective covering! (fig. 9-7 

( ^rminat ioii^ the seed^ n Ephedra the seed is said to have 

no resting period) Land^ reported thatfthe cotyledons grow 

steadily until they become several centimetres long. Because 

of the scaly nature of leaves from the very beginning, cotyledons 

serve as assimilatory organs during the early stages of development 

of the plant. Each cotyledon possesses two parallel running 

vascular bundles which are united at the basey 

gerardiana, E. nebro- 

densis and also E, intermedia(^^M ephedrme^jised^n the 

treatment of hay fever bnd asthma J 

GbfBTUM Linn. 


SYSTEMATIC POSITION— 

Order— ^Gnetales 

Y^mWy—Gnetaceae 
Genus — Gnetum Linn. 

GEOGRAPHICAL oiSTRIBUTION-Gne/uw includes nearly 

40 species which occur mostly in the tropical and humid regions 
of the earth. Gnetum grow in South America, in West 
Africa, in the Andaman and Nicobar Islands, Philippines, 
New Guinea, Siam, China, Burma, Pakistan, India etc. 
In India, Gnetum is represented by the followm|_six^pe£ieij 


1. Khan, R. 1943. 

2. Land. W. J. G. 1907. 
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G, gnemon Linn, grows in Assam, the Lushai and the Naga 
Hills. Golaghat area, Sibsagar. Kungaba, etc. G. moma- 
num Mgf, grow's in Sikkim, Assam. Sylhet, Mahrabbi, 
Mayurbhanj (Orissa) etc., G. uta Brongn grows in 
Western and Eastern coasts of India, near Khandala, 
Kan^a. Coorg, Kerala, Nilgiris, Chednath Nair, Goda- 
vari District and Orissa, etc. It is a most commonly 
occurring species in India. G. contractum Mgf. grows in 
Kerala, the Nilgiri Hills and Coonoor. and G. obhneum 
Mgf. occurs in Bengal and Burma. G. htifolium Bl var 

macropodum Kurz occurs in the Andaman and Nicobar 
islands. ivvuui 


morphological FEATURES-The adult plant of 
Gnetum is a sporophyte resembling a dicotyledonous angiosperm 
in appearance. G. neg- ^ 

haunt Bl. G. latifolium 
Bl. var. funiculare Bl, 

Mgf,, G. africanum 
Welw, G. ula Brongn. 
are woodyclimbers with 
twining stems, while G. 
gnemon is a woody 

tree. In climbers gene- 
rally the lower portion 
of the stem is devoid 
of leaves. In some 
species of Gnetum bran- 
ches are dimorphic, 
i.e , they are of limited 

and unlimited growth, 

but it is not so in 





with reticulate venatic n. 


gnemon* Stem in several 
species of Gnemm is articulated In 

occur on short unbranched .ih spe='es foliage leave 

or “S ir- ■Thrr'"'"' r"" 

texture (fig. 9-8 A&B). Branrw ■ * ''®na*>on and leather 

4l?iDl?i:iJ«ually jointed. 


stems are usuallv p ,, axil of leaves and th 

oval an 
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entire. They are arranged in decussate pairs (fig.9-8A). Scale leaves 
may also be present. G. trimrve Spruce is said to be a parasite. 

Secondary Phloem 
Primory Phloem 




Secondory Wood 
Primary Xylem 


Fig. 9 — 9 T. S. of a young and an old root of Cnitum gncmon (After 

Maheshwari and Vasil). 

HISTOLOGICAL FEATURES — The root of Gneium is nor- 
mally diarch, and resembles the angiosperm root in its structure 


\ /Icm 


Phloem Mcduilory Roy and arrangement of tissues. The 

transverse section of a young 
root (fig. 9-9) reveals a multi- 
layered parenchymatous cortex, 
the cells of which are oval or 
polygonal and full of starch 
grains. Thick-walled fibres are 
sometimes said to be present in 
it (fig. 9-10). There occurs a 
single - layered endodermis 
around the pericycle. Primary 

xvlem becomes indistinct after 
♦ 

secondary growth. Secondary 
growth is of normal type (fig. 
9-9). Wood consists of 

Fig. 9— 10 Portion of the transection iracheids possessing uniseriate 
of root of Gndum gnjmon (After bordered pits. Pits occurring on 

Maheshwan and Vasil). 

the vessels may be bordered or simple, small and multisenale. 

Crassulae are usually absent. Phloem consists of sieve cells and 

parenchyma. Medullary (xylem) rays are broad but thin-walled 
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{fig. 9-10). Diarch roots have been reported in G.w/aand G. gnemon.^ 

The stem of Gnetum^ like that of a dicotyledonous angiosperm 
possesses a ring of 20 to 24 conjoint, collateral and endarch 

vascular bundles separated from one another by broad medullary 

(xylem) rays (fig. 9-1 1). Towards outside there is a broad cortex. 12 
to 16 layered thick (fig 9-1 1). The stem in transverse section shows 
a single-layered epidermis, the cells of which are papillate and 

rectangular with thickened outer walls. Cuticle is thick and the 


Epidermis 

Hypodermis 

Cortex 


Primary Phloen 
Primary Xylem 



Secondary 

Xylem 


Sccondory 
Phloem 


Fig. 9 -1 1 T. S. of a yoong s.om of (Af,„ Mahcshwa.i 

and Vasjl). 

a%aTir"gula^rin^^Tl^^^^^^^^ stems 

dermis and pericycle are ^indistinc/^”wo!!!f^*^^^ Hs^ue. Endo- 

of a large number of tracheids and mostly composed 

Phloem consists of sieve cells and pldoem n (fig- 9-121. 

somewhat circular in outline and P^'^^nchyma. Pith is 

cells which are round or polygonal fn omr°^ Pyenchymatous 
a few cells of the pith mayCoSg'^ified^an^pitteV'^" 

normal type, he.,^'it’is*’the'result^of the” growth is of 

=ambia.^fig. 9-13) ula and G. SrlLlv^ril^rcce" 

1. Vasil. V. 1959. - 
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sive rings of cambia develop one after the other in different 





parts of the cortex (fig. 9-13). 
These rings gradually become 
incorporated into a continuous 
xylem cylinder possessing 
wedge-shaped vascular bundles. 
The growth of the first ring 
stops at the beginning of the 
second one. Thus the succes- 
sive rings are formed one after 
the other. Some of these remain 
incomplete and come to have 
eccentric position with regard 
to pith (fig. 9-14). Secondary 
phloem is composed of sieve 
cells and parenchyma cells. 
According to Thompson* the 
course of the development of 
companion cells in Gnetum and 
the angiosperms is different 


Fig. 9 — 12 Portion of the transection 
of (inetum ula stem showing two xylem 
vessels and sclerotic cells fAfter 
Maheshwari and Vasil), 

whereas in the latter, the sieve 
formed from the same parent 


because in the former, compa- 
nion cells and sieve cells deve- 
lop from two different cells 
tubes and companion cells are 
:1I. In G. ula sclerenchymatous 


fibres occur in the phloem (fig. 9-12). Protoxylem elements 
possess spiral, annular or reticulate thickenings while the metaxylem 
elements possess bordered pits as well (fig. 9-15). The vessels of 
secondary xylem have simple pits on their radial walls. Transi- 
tional stages from many to one large perforation in the apices 
of the vessels can also be seen (fig. 9-15). Sometimes the cortex 
and the pith both possess laticiferous elements which usually 
develop from ordinary parenchymatous cells. Periderm is genera y 
thin, it develops from the hypodermal region. It also possesses 
lenti'ceh. C ork formation is irregular in G. africanunr a nd G. ula. 

1. Thompson, VV. P. 1919. 

2. Duthic, A. V. 1912. 
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The leaf of Gnetum 
is apparently typically 
dicotyledonous, be- 
cause it is dorsiventral 
and possesses reticulate 
venation in adult 
condition ( fig. 9-8 B ). 

The epidermis on 
the upper and the 
lower surfaces of the 
leaf is undulate. It 
possesses a well-deve- 
loped cuticle on its 
upper side. 

Stomata are mostly 
confined to the lower 
surface only. Meso- 

Phyll is differentiated into palisade and spongy tissues. Palisade 
t.ssue ,s usually single-cell thick. Mixed with spongy parenchy- 

ma occur branched and lignified 
sclerotic cells, fibres and latex 
tubes. Vascular bundles in 
the midrib region arc arranged in 
the form of an arch followed by 
patches of stone cells on their 
lower side (fig. 9-16). Maheshwari 
and Vasil* have described that 
stomata in Gnetum ula are hap- 
locheilic, i.e., an epidermal cell 
forms the stoma along with two 
guard cells only without the for- 
mation of subsidiary cells. In 
G. gnemon these authors report 

~ ..y. both baplocheilic and svndeto- 

cheihc development. Florin" on the other hand descriLd the 

^ndetochetlic type of stomatal development in Gne,um gnemon. 


Third Ring 


Fourth Ring 


Second 



Fig. 9— 14 T. S. of stem o^Gnttum 
ula with eccentric secondary 
growth (After Maheshwari 
and Vasil). 


1. Maheshwari,P,&V. Vasil 1961. 

2. Florin, R, 1931. 
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pjg. 9 — 15 Vfssels of Gnetum gaenon 
showing the formation of a single 
pore from several pores. Bordered 
pits can also be seen (After 
Maheshwa.i and Vasil). 


Upper epidermis 


i. e., the epidermal cell forms the 
stoma along with 2 guard and 2 
subsidiary cells (fig. 9-17). The 
development of stomata in Gnetum 
needs a critical study. Vascular 
bundles in the leaf are conjoint, 
Collateral and endarch with xylem 
pointing towards the upperside of 
the leaf. Those of the petiole are 
associated with transfusion tissue.* 

LIFE-HISTORY 

All the species of Gnetum are 
dioecious. Male and female 
strobili are organised like an 
inflorescence (fig. 9-18^ & 9-20A) 
which is usually solitary and 
axillary but it may rarely be termi- 
nal. Strobili are rarely branched 
(lig. 9-18F). The strobili, whe- 
ther male or female, possess 
a short and stout axis. 


Polisode layer (Upper) 
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L" bracts arise the strobili The 

all oAhesTflf ofstrobilus are arranged in a whorl, 

tVJjL srrsjs. ■jsi' r,r,'r,Ta°'‘r 

rarely the female flowers occur mTxed wii^rhe mfl'etun c' 
buchhohianum Engler these occur separately. ^ 

10 .o"?5 coS"’ P--sses 

(fig. 9-;8 aS' Elch 

collar possesses ?to6 
male flowers which 
are arranged in defi- 
nite rings(fig.9-18E). 

Id young condition 
the male strobilus is 
completely enclosed 
basal bracts 
(fig. 9-18 A & 9-20 B) 
but at maturity it 

emerges outof the col- 

Iarrings(fig. 9-18E). 

Male flowers — 

Each male flower in 
young stage is en- 
closed within a 
sheath-like perianth. 



MAfLOCHCllIC OevaOPMiMT 

t 

5*kWisi, 



Cefir 



SrNOFTOCHEILIC OEVELOPVtMT 



1 After 

mature the stalks elongate and nn.h'^rh anthers 

collars through a slit which is beyond the 

& E). Vasil.^ and Madhulata= n°„ (^S » 

single anther in G. uh and G g„emon ref ?‘^<=‘*frence of a 

«nces are rare. Sometimes mor^Th, *1 "'''’y *’“* fx^cur- 
m?v u/a\n^^ anthers have also 

may seldom be fused. Young microsnor,n®„-®'’®'”"'’- ““‘hers 

2. MadhuUt. .960 fin MahchwaH. P. 6, v. V„i. 1961], 
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the anthers. The pollen mother-cells divide meiotically or reduc 

tionally and ultimately form the pollen grains (fig. 9-22 J-0). 



B 


// A YOUNG MALE CONE 


A TWIG WITH MALE CONES 



PORTION OF MALE 
CONE (ENLARGED) 



i 

Anfhers 



.Fcmole floxer 
-Male Flower 


A mature male cone jj.[| 

-l' 


IcFlovrer 



portion Or 

dehiscing MALE FLOWERS 


enlarged cones with male 
flowers and ovular ring 


and female flowers (After Madhulata). 



CNETALES 



Female strobili (cones)—Like the male strobilus the female 
strobilus also possesses an axis or stalk which has collars arranged 
one above the other (fig. 9-20 A). Each collar bears a single 
whorl of A to 10 reduced female flowers or ovules which appear 



development of male flowers of Gnetum A, B 
and E— of G. ula (After Vasil) ; C and D— of G. gnemon (After Madhulata). 

as minute protuberances (fig. 9-20 B to D). Most of these do not 
develop further but a few ultimately mature and form seeds. 


Aborfin9 Ovules 



^ A YOUNG 

female cone 


Dcvcl oping Ovule 



Ovules 



AN OLD FEMALE CONE 


OLDER FEMALE CONES 


A-cTc-Xir," vS“d°^ f'r of 

P.™.! n i, f^~of G. gnemcn (Afttr Madhulata). 

(fig 9 Ta female flower or ovule is usually stalked. 

^^g. » 20 A & B) It may rarely be sessile. Each ovule consists of 
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nucellus (fig. 9-23 A to D) and is surrounded by a three-layered 
envelope. The outermost layer oftheenvelope is calledthe perianth. 
The middle layer has usually been referred to as *outerintegument’ 
and the inner one has been called the ‘inner integument*. The 




Mtctopylor (ubt 



Inner envelop# 


Stolk or Axis 


Fig. 9-21 Structure 
of the ovule ol Gnt' 
turn ula after the 
removal of the two 
outer layers of the 
envelope (After 
Vasil). 


innermost layer of the envelope gets prolonged 
above the ovule to form a long micropylar canal 
or the so-called ‘style’ (fig. 9-21). Exceptionally 
in G. ula a fourth layer of the envelope ma> 
be present (Madhulata*). 

Abnormal strobili — Thompson'', Pearson^ 
Maheshwari^, Vasil and Madhulata* have re- 
ported a few abnormalities in different strobili 
of G. gnemon and G. ula, some of these are 
listed below : 

There may occur a double ring of ovules 
in male strobilP^^ The collars may be spirally 
arranged in the female and male strobili^’"*® 
Sterile collars at the base may be present in the 
male strobili only^ The number of male flowers may be reduced 
in different strobili^*^ The ovules in the lower collars may 
sometimes be replaced by short male strobilP* 

In both the male and the female strobili the flowers are 
separated from one another by uniseriate hairs. Negi*' observed 
that the hairs develop from the outermost layer of meristematic 
cells situated in between the ovular primordia. During mega- 
sporogenesis the hairs get shrivelled and are shed after free 
nuclear divisions within the female gametophyte. Biseriate hairs 
are very uncommon, the apical cells of these hairs rarely assume 
a bulbous shape. 

Sclereids and laticiferous tubes— Branched or unbranched star- 
siiaped sdereids possessing narrow lumen and thickened walls 

1. Madliuiata 1960 [Mahesliwari, P. & V. Vasil 1961]. 

2. Thompson, VV. I*. 1916. 

3. Pearson. H. H. W. 1912, 1915. 

4. Mahesliwari, P. 1953. 

5. Vasil V. 1959. 

G. Negi, V. 1958 [Maheshwari P. and V. Vasil 1961], 
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' V. S. YOUNG ANTHER 

Pariclal layer 


V 5 PART Of anther 


Bmuclcoto lopcIaJ CeJIs 



MULTIPLICATION OF ARCHESPORIAL CELLS 

.yTapetol layer 


Microsporongial Woll 



V. S. ANTHER 
AND STALK 


© ^<a P 


Gallon yd^^DevelmmLr'nf “i"'* n anthers in 

and release of pollen grams m G. ula (After Vasil). 
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occur in the collars, perianth and stalks of male and female 
flowers, etc. These organs in addition to sclereids have latici- 
ferous lubes as well*. 

Morphological nature of the ovular envelope — The morphological 
nature of the ovular envelope has been a controversial subject. 
Strasburger- thought that the 3 layers of envelope are formed by 
the splitting up of a single integument. Beccari^ suggested that 
the two inner layers of the envelope represented the two integu- 
ments like those of an angiospermous ovule and the outermost 
represented the perianth. Van Tieghem^ contended that the 
outer layer of the envelope was equivalent to an ovary or an 
organ analogous to it and the inner two layers represented the 
two integuments. Thompson'' was of the opinion that the outer 
two layers of envelope form the perianth and the inner one is 
akin to angiospermous ovary. The presence of an exceptional 
fourth envelope in G. ula raises doubt about the exact morpho- 
logical interpretation of these structures. It is diflBcult to 
assume two ovaries one inside the other. 

Microsporogenesis— In young microsporangia two or more 
hypodermal cells become prominent (fig. 9-22 A & B). These 
divide further to form a multicelled archesporium (fig. 9-22 C to G). 
Periclinal divisions demarcate a parietal layer which surrounds 
the centrally situated primary sporogenous tissue (fig. 9-22 E to H). 
Tapetum is later cut off from the parietal layer (fig. 9-22 D & E). 
The sporogenous cells divide further to form the microspore 

mother cells (fig. 9-22 H to J). 

Megasporogenesis— At the apex of the nucellus of the ovule 

occurs a small cavity, a rudimentary pollen chamber. Nucellar 
beak is absent in Gnetum. At the time of the development of 
the innermost layer of envelope 2 to 4 archesporial initials have 
already differentiated in the hypodermal region of the nucellus 
(fig. 9-23 A-C). These initials cut off primary parietal cells 
and sporogenous cells. Primary pa rietal cells and nucellar 

1. Ncgi, V. 1958 [in Maheshwari, P. & V. Vasil 1961) 

2. Strasburger, E 1872. 

3. Bcccari, O. 1877. 

4. Van l icghem, 1869. 

5. Thompson, VV. P. 1916. 
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epidermis divide repeatedly to form a massive nucellus. The 
sporogenous cells function as spore mother cells and arrange 
themselves in linear rows of 8 to 16 cells in G, gnemon. 


Arcliesporial Cells 




V S NUCELLUS 

F 


V.S. OVULE 





H 



Cocnomcgasporcs 

Binucleate female gometophyfes 



Parietal Cell 



Megaspore 
Mother Cells 


V.S. NUCELLUS 


^ «llsand coenomegaspores in 

r H “'"/Aficr Vasil) j E and F. of G. enmon (After 

f After G »ia (After Vasil) ,• I of G. gnimn 

( gerlmd). Figures F and G show two degenerating 

rnegaspore mother cells, 

like 'ml-oo sporogenous cells behave directly 

Madhulatn^hfo ** erroneous^. VasiP and 
Madhulau hawhoa^ever observed that in exceptional cases e.g.. 

2. Vasil, V. 1959. 

3. Madhulata 1960. 
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G. ula and G. gnemon an archesporial cell enlarges and without 
further divisions function directly as megaspore mother cell 
Rarely one of the parietal cells failing to divide may also function 
as megaspore mother cell. Recent studies made on G. gnemon and 


Ovule (Moture) 



G. ula have clearly es- 
tablished the fact that 
the development of an 
embryo sac is obvi- 
ously of tetrasporic 
type similar to that 
of the angiosperms 
and not of mono- 
sporictype as sugges- 
ted by Apte and 
Kulkarni * 

The megaspore 
mother cells in gene- 
ral undergo a meiotic 
division, the two 
nuclei thus formed 
separate apart. Wall 
formation does not 


take place at this stage. Second meiotic division takes place 
quite late. Meanwhile most of the other developing megaspore 
mother cells degenerate. The two nuclei, after moving apart, 
move to the centre and the second meiotic division takes place 
at this stage which ultimately results in the formation ^ 
nucleate coenomegaspore, i. e., a megaspore without any cel wan 
separating the nuclei (fig. 9-23F-1). Initially a , *^8= 

of megaspore mother cells develop inside the nucellus ^ 

2 or3 of them-by repeated nuclear divisions-rcach the 16- 
nucleate stage while the rest degenerate. 

Contrary to the opinions commonly held regarding 
of megaspore in G. gnemon and G. ula etc., a megaspore tetrad >s 
never formed. What appear to be like the degenerating 
are really the megaspore mother cells (fig. 9-23 H-T). 
an appearance of a tetrad. In its tetrasporic nature of the female 

gametophyte Gnetum is the only gymnosperm 

the angiosperms. Exceptionally binucleate female gametophytes 

can also bs seen (fig. 9-23 H*I). 

1, Aptc, V. V. & L. H. Kulkarni 1953. 
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GAMETOPHYTIC GENERATION— In Indian species of 
Gnetum the development and structure of the male gametophytc 


DIVIDING 

MICROSPORE 


TWO CELLF.O i)iViSION OF LARCsFIl NUCLEUS 
MICROSPORE 

E \ ’■ 



SINGLE CELLED 
MICROSPORE 



CUTTING OF 
prothallial cell 

Tube Nucleus 


• r*- i 




y 

Pfothoihui Cells 




TilSi'.n^CLEATE pouTnUCLEATE 


MICROSPORE 


DOUBLE POLLEN GRAINS 


MICROSPORF 


Pig- 9 — 25 Development of male gametophytc in Gnetum ula. Figures 
I and J show double pollen grains (After Vasil) . 

has been studied by Negi and Madbulata^. As a result of the 
meiotic or reduction divisions of the microspore mother cells the 


Gcftcrattve Nuclei 


PEARSON'S VIEW 


T ube Nuclei 






rothoUlot Nuclei 
Tube Nucleus THOMPSON'S VIEW 




- . NEGI & MAOHUUTA'S VIEW 
Generotive Cells 



Prothallial Cells 


Mole Ceils 




Mole Cells 


g. 26 Diagrammatic representations of the old as well as recent 
tews on the development of the male gametophytc in Gnetum 

(After Negi and Madhulata). 

Sfains are formed in tetrads (fig. 9-22 K & 
L) inside the an ther or raicrosporangium. 

1. Negi, V. and Madhulata 1957. 
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Male gametopbyte — Each pollen grain possesses a thick outer 
wall, the exine, and an inner thin layer, the inline. Pollen grain 
or microspore nucleus divides to form a small prolhallial cell and 
another cell which is larger (fig. 9*25 B & C). The nucleus of the 
larger cell divides further into two daughter nuclei, one of them 
without a wall is called the tube nucleus and the other having a 
distinct wall is the generative cell (fig. 9-25 D-G). Pollen grains 
are single but there may exceptionally be double pollen grains 
also (fig.9*25 I & J). Pollination takes place at the three-celled 
stage when the pollen grain has a small prothallial cell, a tube 
nucleus and a generative cell (fig. 9-25 G). Rarely, 4-ceIled 
pollen grains have also been observed (fig. 9-25 H) at the time 
of pollination. Pollen grains after being carried by wind reach 
the micropyle where they get caught in the pollination drop (fig. 

9-27 A&B), After being 

h. sucked in, the pollen grains 

reach the rudimentary 
pollen chamber — atypical 
gymnospermous method 
of pollination. PijH 
noti^ ^ entomophilous 

Type of poH^ination _in_ 

gnemon. 

Soon after the pollen 
grains reach the pollen 
chamber, the exine rup- 
tures and intine protrudes 
in the form of a pollen 
tube (fig. 9-27 D&E) 
which may sometimes be 
branched. The generative 
nucleus later divides into 
two male cells or gametes 
(fig. 9-29 BJ, the latter are 

non-flagellate. 

Thompsons viewMfig.9-26) that there is no prothallial cell in 
the pollen of Gnetuni has fou nd no sup port in recent studies. It 

T^pijli Van Dcr L. 1953. 

2. Thompson, W. P. 1916 




fOlLEN GltAIN 



pjg 9 27 Germination of pollen grains 

and the elongation of pollen tube inside the 
micropylar canal in Gnetum gnemon (After 
Madhulata). A-Portion of anther wim 
pollen grains; B-PoMen grains inside the 
micropylar canal; C-Ruptured cxmc; p- 
A male gametophyte with proihalhal, 
generative cells and a tube nucleus; D-An 
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Female gametophyte— A large number of megaspore mother 
cells develop, though only a few, not more than two or three reach 

the sixteen-nucleate stage (fig. 9-28A&B); the others may degene- 
rate or may persist till the differentiation of the egg. Now. the 
female gametophyte divides into a large number of nuclei by free 
nuclear divisions without walls making theirappearance. A vacuole 
develops in the centre and the gametophyte elongates (fig. 9-28C- 
E). It now looks like an inverted flask (fig. 9-28 E&F), the lower 
part having most of the cytoplasm while the upper part has the 
vacuole. In G. ula \t may become spindle-shaped. In G. gnemon 
up to 256, and in G. ula more than 1,500 nuclei have been counted. 
These are formed by free nu-Iear divisions. Many gametophytes 
at different stages of development may be present inside an ovule 
(fig. 9-28 G&H). They are usually present above the principal one 
and may soon degenerate (fig. 9-28 H). Sometimes an elongated 
spindle-shaped female gametophyte, tapering at both the ends, 
(fig. 9-28J) develops. This is an abnormality as the normal female 
gametophyte elongates towards the chalazal end only (fig. 9-281), 

The nucellus, at the four nucleate stage of the female gameto- 
phyte, is massive and the gametophyte thus gets deeply buried 
in the nucellus. At the primary stage of raeiosis a few nucellar 
cells situated below the gametophyte divide to form the radiating 
rows of cells called “the pavement tissue’*. It is usually consumed 
during the development of the gametophyte and is primarily 
meant for its nourishment. 

Fagerlind“ and Waterkeyn ' reported 20 to 25 haploid chromo- 
somes in G. gfiemon and G. africanum respectively. 

Fertilization — Several pollen grains germinate in the pollen 
chamber. In the pollen tube, the tube nucleus descends first. 
Later on the generative cell is organised (fig. 9-27E) which then 
divides to form two male cells. The pollen tubes pierce the 
nucellar tissue and reach cue embryo sac. Archegonia are totally 
absent (tig. 9-29B). In G. gnemon the pollen tubes come in contact 
with the embryo sac after piercing the female gametophyte, not 
apically but laterally (fig. 9-29A). Usually two, rare ly one or three 

1. Coulter, J. M- 1908. 

2. l agerlind, F. 1941. 

3. Waterkeyn, L. 1959. 
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nuclei of the female gametophyte enlarge. They have dense 
contents and have a tendency to absorb stains. These are egg 
nuclei which differentiate on being stimulated by the presence 



fertilization in GNETUM 

Fig. 9^29 Stages of fertilization in Gnelum, A— Male and female gametes of 

close together. The position of pollen tube is 

femaUoimL!^ Thompson); B— Elongation of several pollen tubes inside the 

Thompson). C— Fusion of a male cell 
wiin an egg and the formation of a zygote in G. ajricanum (After Madhulata). 

tubes. The egg nucleus may attain a size 3 or 4 
times larger than that of a normal vegetative nucleus. The male 
ecus or gametes are released by the rupture of the pollen tube. Only 
one ot them fuses with an egg and a zygote is formed(fig.9-29C). 
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perm in Gnelum ula (After Vasil) A 
and B — L. S. of female gametophy- 
tes; C — Portions of endosperm show- 
ing multinucleate, and D— uninu- 
cleate as well as multinucleatc 

chambers. 

D). According to Madhulata* 


maturation is slightly different. 
Here a few groups of cells, in the 
upper part of the gametophyte, 
each with 3 to 8 cells, diffe- 
rentiates. They have dense cyto- 
plasm and occur near the pollen 
tubes. Only one or rarely two 
cells of each group function as 
egg, the rest degenerate and are 
used up in the nutrition of the 
developing egg. The develop- 
ment of more eggs continues 
even after an egg has been 
fertilized. The ovules on the 
male strobili are mostly abor- 
tive but may rarely produce 
normal ripe seeds. 

Endosperm formation — In 

Gnetum the gametophytic tissue 
starts developing before fertili- 
zation.The nuclei formed as a 
result of free nuclear divisions of 
the female gametophyte get en- 
closed by walls and form the so- 
called endosperm (fig. 9-30 A& 
C). This tissue, however, is 
cytologically quite different 
from the endosperm of the 
angiosperms. Some of the cells 
of the endosperm are uninu- 
cleate (fig. 9-30D) while others 
are raultinucleate (fig. 9-30C& 
the wall formation is initiated 


ther by fertilization or by the entry of pollen tube. She also 

Madhulata, I960. 


Sometimes both the male cells which are non-flagellate may 
fuse with the two egg nuclei - if two eggs are present, thus more 
than one zygote may be formed. In G. w/a, the method of egg 
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observed that walls are first laid down at the chalazalend and then 
towards the raicropylar end. Endosperm in Cnetum differs from 
similar tissue of other gymnosperms in the following respects : 

(a) Cell wall formation is delayed till the pollen tubes enter 
the gametophyte ; (b) Presence of uni- and raultinucleate 
i»e., polyploid cells; (c) Endosperm is formed by a few 
nuclei only. 


tMBKYU 

Two Celled Zy9olc 

A 


couiier* tnougiit 



fcmole Gome^cph^re 


Two Zyjcfes 
GerminoHng t09<ther 



frimory 

Suspenscfs 


DEVELOPMENT OF THE 
that the zygote undergoes free nuclear 
divisions. On the other hand, 

Thompson- stated that the first 
division of the zygote results in the 
formation of two cells which later 
form the embryo and the suspensor. 

Recent studies by Madhulata^ reveal 
that the zygote in G gnemon produ- 
ces a protuberance on one end which 
grows down towards the endosperm 
tissue. Sometimes more than one 
protuberance may develop. The 
protuberances grows further to form 
a tube-like structure which under- 
goes septation to form several uni- 
nucleate cells. This tube later 
branches and forms the primary 
suspensor or the proembryonal tubes 
(fig. 9-31C&D) which grow towards 
the endosperm. In G, ula Apte and 
Kulkarni^ and Vasil ’ observed that 
the primary suspensor tube cuts off 
a ‘peculiar cell’ (fig. 9-32) at its apex. 

The nucleus of the suspensor tube 

•j ♦ , , ^ ucvciuping xogcmer 

aivides into two unequal daughter nuclei, the smaller of the two 
gets a wall round it and a lenticular ‘peculiar cell’ is thus formed 



Zygote 



Fig. 9—31 Early stages of em- 
bryogeny in Gnetum gn4/ron(AUtr 
Madhulaia). A— V.S of female 
gametophyte; B— a two-celled 
zygote; G— a zygote with 2 
primary suspensors; D— Two 
zygotes developing together. 


o* M. 1908. 

r Thompson, W. P. 1916. 
Madhulaia, 1960. 
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(fig. 9-32). The larger nucleus of the suspcnsor lube degenerates. 
The seeds are usually shed at this stage. Further development 
of the embryo takes place on soil. The “peculiar cell” which is 
responsible for the formation of the embryo divides to form 2 


Co ( f 



recufisr C«M 


Fi?* 9 — 32 Formation of peculiar cell and its 
further divisions in Gnetum o/a (After Vasil). 


cells both of whichdivi- 
de again to form a four- 
celled embryonal mass. 
The third division is 
transverse and thus an 
eight-celled embryo is 
formed. Further divi- 
sions are irregular. As 
the embryonal mass 
increases in size a few 


cells lying towards the primary suspensor tubes elongate to form 
the secondary suspensors. The cells lying at the lower end of 
the secondary suspensors later form the embryo proper. 


The embryonal tip assumes conical form. The axis (future 


stem) is centrally situated at the 
apex of the embryonal mass. It 
is surrounded by two lateral 
cotyledons. Root-tip is formed 
at the opposite end of the axis. 
Simultaneouslv, a lateral hump, 
the so-called ‘feeder* (fig. 9-26A), 
becomes prominent. Like the 
hypocotyl it develops an epider- 
mis, cortex, vascular bundles and 
pith. The hypocotyl, when young, 
is longer than the feeder but soon 
the feeder outgrows the hypocotyl. 
The primary and the secondary 
suspensors degenerate and appear 
like fine threads. The “feeder” 



Fig. 9—33 A stage of polycmbryony 
in GntlMtn gnemon with accessory 
embryos (Alter Madhulata). 


(fig. 9-36 A) remains inside the seed and is thought to pass on 

food to the developing embryo. Root is protected by a root cap. 
Cotyledons on maturity turn orange-pink in colour. Laticiferous 

ducts and stomata also develop afterwards. 
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Polyembryony— Bower*, Haining^ VasiPand Madhulata* have 
reported a few instances of polyembryony in G. ula and G. gnemon 
but usually only one embryo attains maturity, the rest perish. 
Polyembryony occurs either due to proliferation of the secondary 
suspensors or as a result of their budding (fig. 9-33). 

Strnctore of the seed — In G. gnemon the seed is oval or elon- 
gate and green to red in colour (fig. 9-34). 

Nucellus of the female gametophyte, once 
massive, now becomes a thin strip at the 
apex. The seed is surrounded by three dis- 
tinct layers of envelope (fig-9-35}. Studies 
made by Thoday^ reveal that the outermost 
layer of the envelope is free from base to 
apex; it is green and fleshy and is made up 
of parenchymatous cells. It possesses irregu- 
larly distributed sclereids and stomata 
(fig. 9-35). The middle layer of envelope Rg. 9-34 A seed of 

/ ^ . V . , . .... Gnetum gnemon from 

(=outer integument) is hard and it forms MaUya. 

the protective layer of the seed. It grows above the outer one 
and surrounds the micropylar tube. It is traversed by numerous 




Poiiscdo layer vascular bundles which branch at 

Inner envelope illtCrVfllS* It pOSS6SS6S dlStlDCt 

palisade and also the lignified 
and parenchymatous cells. The 
innermost layer of the envelope 
(= inner integument) is coales- 
cent with the nucellus up to 
2/3rds of its length. Its free part 
Endosperm encifcles the nuccllar cap and 
Lignified tissueprojects beyond the nucellus. 

Middle lover ^ - 

It is composed of thin-walled 


Kg. 9-35 T. s. of a seed of a Parcnchymatous and lignified 
w/um afriainum (After Thoday). cells and numerous vascuIar 
bundles traverse it. Within the innermost layer of the envelope 
^ • ofr icanum lies t he massive endosperm which projects upwards 


1* O- 1882. 

3.— V.-1959; 

5. Thoday, M,G. Sykes 191 1 . 


2. Haining, H. I. 1920 
4. Madhulata 1960. 
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in the form of a ‘tent pole*. It has thick and lignified walls and 
it supports the nucellar cap. The structure is not known to 
occur in the Indian species. 

Germination of the seed — The seed is shed at a stage when 
the secondary suspensors are differentiating. The maturation 


Cotyledons 


First team 


of the seed takes place 
when it has fallen to the 
ground, Negi* reported 
that the seeds in G. ula 
germinate about 11-12 
months after being shed 
from the mother plant. 
During germination, the 
root along with its 
cap emerges first, it then 
bends down, enters into 
the soil and develops the 
tap root system (fig. 9*36 
B,D&E). Soon the hypo- 
cotyl elongates and 
pushes the two cotyle- 
dons out of the seed 
(fig. 9-36E,F&G). Ger- 
mination is epigeal. Co- 
tyledonary leaves turn 
green and resemble ordi- 
nary foliage leaves. Next, 
the stem tip expands and 

Fig. 9-36 Stages of seed germination in thp naif of olu- 

Giutum gntmon (After Madhulata). forms the hrst pair OI piu 

raular leaves (fig. 9-36G). “Feeder” still remains inside the seed. 

ECONOMIC IMPORTANCE— The seed kernels of G.gnemon 
are moulded into cakes and biscuits. Young leaves and strobili 
are used as vegetables. G. ula is also a source of edible oil. The 
oil is said to possess antirheumatic properties and is used for 
massage. Bark of G. laiifoUum yields strong fibres which are used 



^EEDLING 


/ITH TWO 
COTYLEDON 


SEED WITH 
ACCESSORY EMBRYO 

Accefsory cmbfyt* 


SEEDLING WITH 
flBROUS ROOTS 


1. Negi,V. 1958. 
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for making nets and ropes. Fibre pulp is used in manufacturing 
paper. (?. montanum is reported to possess piscidal properties. 

AFFINITIES OF THE GNETALES 

Different genera of the order possess resemblances with the 
true gyn^nosperms on the one hand and the angiosperms on the 
ther. These resemblances may be summarized as below : 

resemblances with THE GYMNOSPERMS-Ovary 

being absent, the ovules remain naked. Style and stigma are 
absent but m Wehvitschia there occurs a tube-like extension resem- 

d efil '‘"'"“S'’ micropyle and get 

directly lodged on the surface of the nucellus. not on the stigma a 

pmhamircel'rT"' The pollen grain consists of a 

a wall r “ ‘ ® '^‘‘■’out 

bord red nits frh T with 

present Th I Phloem are 

1 a SL li^i n 1^3 1 „ I 1 * .1 The endo- 

before fertil- polyploid tissue and starts developing 

are ANGIOSPERMS-The leaves 

arraneed Possessing reticulate venation. They are 

tree-IikehIbirof°G'’°/'*"**‘'“**“‘* manner. The climbing or 

similar to those^ of^ar'"” Vessels 

tracheids in the secondary xWemTairt^rth'”®""'' 

SerTSuzattn^!"""'" deveL^mS 
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Manoxyltc, 2,12,34 
Marattiaceac, 17 
Markgraf, Fr, 143 

Marsden, M. P. F. & T. A. Steeves, 146, 
147 

Afarsilea, 9 

McLean, U. C & VV. R. Ivimey Cook, 
46,137 

Me William 118 
Medullary bundles, 36 
Medullosaccae, 12 
Medullosales, 6,12 

Megasporangium of Cyeas, 57; E/hedra, 
149; Taxus, 137 

Megasporogenesis of Ephedra, 149; Gnetum, 
164; Taxus, 138 
Megasporophyll of Cyeas, 50 
Meroblastic, 3, 

Mesarch bundles, 45,136 
Mesoxylon, 79,81 
Metacordaites, 81 
Afeiaseqiioia, 91 
Mierocachrys, 93, 

Microcyeas, 37, M, calocoma, 37 
Microsporangia of Cycas, 58; Ephedra, 136; 
Gymnosperms, 2;Pinuf, 110; Taxus, 
136 

Microsporangiophorc, 136 
Microsporogenesis of Ephedra, 136; Gne* 
turn, \^\;Toxus, 136 

Microsporophylls of Cycas, 58; Gymnos- 
perms, 2; Pinus, 109 
Miller, W. L., 47 
Miirospetmum, 86 
Mohgaoslrobus 94 
Monopodial, 54,89,97 
Monstrosities, 148 
Monoxylic, 34,49 

Morphological features of Cordaites, 80; 
Cycadeoidea, 21; Cycas, 41; Ephedra, 
145; Gnetum, 155; Ginkgo,70; Pinus, 97; 
Pteridosperm, 13; Taxus, 132; 
amsonia, 27; WitliamsonieUa, 30; nature 
of Cycadeoids, 26; ovuliferous enve- 
lope of Gn^/um, 164; ovuliferous scale 
of Pinus, 1 14 

N 

Ncgi, V. 164, 166,178 

— & Madhulata, 169,171 

Afeocallitropsis, 92 
Afeurepteris, 12 

Afilssoniopteris, 20; Pf, oittat^, 30 


196 


GYMNOSPERMS 


J^oe^trathiopsis kishpi, 86; N. stoliczkanus, 
86 

J^ostoc punctiformct 44 
Nostog, K. & R. Overstreet, 63 
J^othotaxuSf 131 
Nucellar cap, 178 

o 

Octoclinis, 92 

Oliver, F. W. & D. H. Scott, 16 
Open tier, 122 
Oscillatoria, 44 
Ovuliferous scale, 114 

P 

Pagiophyllum 94 

Paleotaxus^ 131 

Palissya 94 

Palissyaceae 94 

Pant, D. D., 5,12,19,42,144 

& B. Mehra, 41,42 

& Nautiyal, 66 

Papuacedrus, 92 
Parapitys zoUsskyi, 81 
Pavement tissue, 172 
Pearson, H. H. W., 148,164,171 
Peculiar cell, 175,176 
Pcitaspermales, 6,12 
Pentoxylales, 6,7 
Pentoxylopsida, 6 
Perianth, 149,164 
Periderm, 99,158 
Perisperm, 126 
Per ita, 41 

Pcttit,J. M., 17,85,116 
Phellem, 99,103,134 
Pbelloderm, 99,103,134 
Phellogen, 99,103,134,147 
Pkerosphaera, 93 
PhyllocladuSi 93 
Phyllosperms, 5 
Physostomat 13; P. degans, 17 
PiceOt 4,91,128; P. smiihxana, 128, P, spinu- 
losa, 128 

Fiji, Van Der L., 170 
Pilger, R., 62,90,132 
Pilgtrodendrorif 92 
Pinaceac, 4,5,90,91,95 
Pinatac, 7 
Pinicae, 7 
Pinidae, 7 
Pinophyta, 6,7 

Pinas, 4,89,91,95.128; distinguishing fea- 
tures of species, 95; economic import- 
ance, 127; female gametophyte, 119; 

femalcstrobilus, 112; fertilization, 120; 

gametophytic generation, 117; geog- 
raohical distribution, 95; germination 
of seed, 126; histological features, 98; 
homologies of reproductive organs. 


11^6; life -history, 108; male gameto- 
phyte, 117; male strobiJus, 108; micro- 
sporangia, I10;microsporophylls, 109; 
morphological features, 97; ovuliferous 
scale, lI4j pollination, 1 1 7; secondary 
growth, 99,101; seed structure, 125; 
systematic position, 95 
P, armandi, 95,97; P. excelsa, 96; P. gerar- 
t/iuntf, 95,96 P. 95,97,98: P. 

kha^a, 97; P. longifolia, 96; P merkusii, 
95,96,98; P. monophylla, 98,106; P. 
roxburghii, 95,96,98,107,108,109,11 1, 
116,120,127,128; P. tylvestris, 94,98; P. 
walluhiana, 95,96,98,128 
Poaeordaites, 80,81 
Podocarpaceae '0,92,131,138 
Podocarpineac, 5,90 
Podocarpus, 4,87,88,93; P. imbricatus, 

P . latifoUa, 93; P. nerii/olius, 93; P. 
wallickianus, 93,95 
Podozamites 94 

Pollen chamber, 34,56,74,151 ; tube, 3,34, 

151 

Pollination in cycads, 34; Cyeas 62; 

Ephedra, 151; Pinus 117; Taxus, 138 
Polyembryony, 3,123,141,177 
Polypodiophyta, 6 
Polyxylic, 36,49 
Poroxylaceae, 79 
Potonie, H., 18 
Prophylls, 98 
Prototaxoxylon 94 
Pseudolarix, 91 

Pseudomcsarch, 34,46,47,51,82 
Pseudomonas, 45 
Pseudotaxas, 131,142 
Pseudotsuga 91 
PseudoDolizia, 87 
Psilopsida, 1 
Psilotopbyta, 6 
Pteridospermae, 12 

Pleridorpermalcs, 6,7,12-18; affinities, 17; 
distinguishing features, 12; gamelo- 
phytic generation, 17; histological 
features, 14; life-history, 15; moipho* 
logical features, 13; resemblances 
with ferns and gymnosperms, 18 
Pleridospermopsida, 6,12 
Pteropsida, 1 
Pdlophyllum cuUhense, 27 
Pycnoxylic, 2,79,131 

R 

Rach'optfris aspera, 13 

Radial bundles. 45; parenchyma, 50 

Raizada, M. B. & K. G. Sahni, 4, 6, 3 i 

40,95,132 

Rao, L. N., 57,58,59,64,66 
Reparatory strand, 14 



INO£X 


197 


Resemblances of Gordaitales with Cycads 
& GooifcrS) 87; of Gycadeoidales with 
Cycads, 32; of Cycadales with Filici- 
neae and gymnosperms, 68; of Ginkgo 
with Gonifers and Gycads, 78; of Gne> 
tales with gymnosperms and angios* 
perms, 179; of gymnosperms with 
angiosperms, 10; andFilicincac, 9; of 
Pteridosperros with cycads and ferns 
18 

Rhinophyta, 6 
Rodin, R. J., 160 
Rosette tier, 122 


Sachs,J., 114 
Sago, 40,67; palm, 40 
Sahni, B., 5, 27,138 

Samaropsis indict, 86; mitliri, 86; .S’. 
raniganjensis, 86 

Sarcotesta, outer and inner, 2,56 
Saxegothaea, 93, 

Schopfiastrum dewsatum, 17 
Schuster, J., 39,65 
Seiadopitys, 91 
Sclerotesta, 2,56 
Sclerotic cells, 14; nests, 14 
Secondary growth in Cycadeoids, 23, 
Cjwas, 46 Ephedra, 1 46; Gntlum, 1 57; 
Pinus, 99,101; transfusion tissue, 52 
Seed structure of Cordaites, 85; Cyeadeoi'' 
^a, 26; Cycas, 65; Ephedra, 154; Ginkgo, 
77; Gnetum, 177; Pinus, I25;T‘tfwj, 141; 
genera of Gordaitales, 86; scale-corn- 
plex, 114 
Seeliger, I., 147 
Seltginella, 9,15,116 
Sequoia, 91 

Sequoiadendron, 88,91; S. giganUum, 92 

Shetty, B, V, & K. Subramanyam, 59 

Shoo* apex of Ephedra, 147 

Sho«,er of sulphur, 112 

Sifcon, H. B, 48 

SiphoQogamy, 64 

Sitholey, R. V., 27 

& M N. Bose, 29 
Smith, F. G., 58 

Spermatophyta 1 
Sphenohaiera, 70 
Sphenopsida, 1 

Sphenoputv, 12; S. heeninghausi, 13 

Spornc, K. R., 20,70 

Sporophyll.bascs, 41.42 

Spruce, 128 


Spur shoot (see dwarf shoot) 
Stachyosperms, 



Staekyotaxus 94 

Stamen of Gnetum, 161; Taxus, 135 
Stamnostoma 16, 17 
Siangeria, 36; S. paredoxa, 36 
Stangeriaceae 35 
Sterling, C., 62,117.140.141 
Stomatiferous bands, 83 
Strasburger, B., 166 
Style, 164 

Swamy, B. G. L., 41,61,63 
Sympodial, 53 
Synangia, 25,30 
Syndetocheilic, 147,1 >9, 162 
Systematic position of Cyeas, 38; Ephedra, 
144; Gir^go, 70; Gnetum, 154; Pinus, 95; 
Taxus, 132 


distinguishing 


Taeniepteris oittata, 30 
Taiwania,4,9\; T. eryptomerioides, 91 
Takeda, H, 52 
Tapetum, 58,111,136 
Taxaceae, 5,89,90,131 
Taxales, 6,90, 131-142; 

features, 131 
Taxineae, 5,91 
Taxodiaceae, 90,91 
Taxodineae, 5,90 
Taxodium, 91 
Taxopsida, 6 

Taxus, 4,132-142; development of embryo 
141; female gametophyte 140, female 
strobilus, 136; fertilization, 14I;game- 
tophytic generation, 138; geographi- 
cal distribution, 132; germination of 
seed, 141; histological features, 133; 
life-history 1 35; male gametopby tel 39; 
male Bowers 135; megasporangium 
137, megasporogenesis, 138; micro- 
sporangia, 136; microsporangiopbore, 
135; microiporogcncsis, l36,morpho- 
logical features, 132; ovule, 137; poUen 
sac, 135; pollination, 138; seed struc- 
turc, 141; stamen, 135; systematic 
posiUon, 132; vascular supply ofm^e 
strobilus, 136 and ovule, 138 
T, baecata, 132,141; Tbrevt/alia, 132; T. 

132. 135, ife, 140; T. 

132; T. mpidata, 132,140, 
]^UT.Jtondena,lS2!T. globosa, 132; 
T, hur^tfitana, 132; T, media, 132 
lenassenm pine, 96 
Tent pole, 74,78,178 

Tetras|>oric embryosac, 166 
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Thakal, 39 
ThaIJimura, 39 
Thoday, M. G. (Sykes), 177 
Thompson, W. P., 158,164,166,167,170, 
177 

Thujot 92; T. orientalis 92 
ThujopsiSf 92 
Tier, 121 
Tigillate, 116 
Torr^Of 131,132 
Torus, 103 
Trace bundles, 45 
Tracheophyta, 1 

Transfusion tissue 52,135; accessory 52/ 
secondary, 52 
Traverse, A., 82 
Trichopityaceae, 70 
Trichopitys^ 70 

4, 91 , 1 30; 7*. damwa, 130 
Tunica layers, 148 
Turrill. W, B., 131 
Tyliospe*ma orbiculatum^ 17 

V 


Van Tieghem, Ph., 166 
Vasil, V., 157.161,164,167.175,177 
Vegetative propagation, 43 
Vestibule, 107,109 


VoUtia 94 
VoHziopsis 94 


Welwitsehia, 3,143,147,150.179 
Welwitschiaceae, 143 
Welwitschiales, 143 
Welwitschiidae, 7 
Western cycads, 35 
WiddringtoniOf 92 
Wieland, G. R., 23,24,26 
Wielandiellaceae, 20 
Wielatidiella, 20,31; W. angusttfolia, 31 
Williamsoniaceae, 20 
Williamsoniat 20,27-29; female reproduc- 
tive organs, 29; histological features, 
27; male reproductive organs, 28; 
morphological features, 27; reproduc- 
tive organs, 26 

W. gi^aSt 27; W. mexieanOf 29; W. sahnii 
29; IV. santalensis, 28; ]V. seotica^ 29; 
W. setosa, 28; W. sewardianat 27,28; 
W. spectabilis^ 28; W. whxtbiensiSf 29 

20,30,31 ; female repro- 
ductive organs, 31; male reproductive 
organs 30; morphological features, 30 
W.coronata^ 30 
Willis, J. C. 35,41,123. 126 
Windwardiot 70 ^ 

Wodehouse, R. P., 117 
Worsdell, W. G., 52 

V 


Yew, 132 



WaUhia 93 
Wal'Mostrobnx 93 
Walton, J. 16,21 
Waierkeyn, L-, 155,172 
Wealth of India, 68 


35,37;.^. ^nVana, 63; Z-fioridana 
\ 2 kT. punhiano^ 63;.^. integrijoliot 63, 
Z- pygmaea, 33 
Zaroiaceae 35 
Zooidogamy, 35,64 


I 
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